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t EAItc~hVIc-ccV OSlN cdttVE SIKsNI NsA COMPARATIVE AND EVOLUTIONARY ASPECTS OP
loSS ch)y PIANIS AND ANIMALS: lL~cllloA I' A.' CORONAVIRAL, ARTERIVIRAL ANtD TORhOVIRAL GENOME

c.h:ONctUD1 IMPUCJATIUNS STRUCT1URE AND EXPRESSION.
.n -dbc ac acc I ccc '

4
e _, : I i m- Willy Spaan", Peter Beedeobeeb, Ewn Chmnoide, Twan de Vres,

c"p". of V'iogy and -tl bsa iolown, Johb= den Boon, Am Nolen, Eric Snijdee and Marian Horeineb.
A5cc- ltccit aier. cy Wk.gc-hicng- Th Ntlcclad Institute of Virology, Yalelnan 1, 3584 CL Utrecht, the
Apcp,-. 75,- at the plan t vi.... .- studi-ci sefair, i.e. Netherlands.
at Ic-ast -10 distin; ce~-s ,.nae a sigescaddThe gernies of coennasienses, borne sinus (BEV, the
-cNA icnorce of cosi tine polarity. Although tlhese- prototype toronirun) and equine neteritis virts (RAy, the prototype
ci:t r-c a re classified in distinct taxenonic grocup, arteriniess) ane organized into several regions, each containing one
Ricd !i-cw ,c wide sar-iationt in capsid narphology and or mnne open reading framzes (DEE) which ame separated by junction
,ieii-ccncstroc- r cciister-issistc-d Cccic flesequences that contain signals for the transcription nf nmultiple 3'

smiions'f ~ I ...e ccoctto'. pcal roteins they co-terminal sobgenornic RNAs. Despite the common genoine
c:1cLde , have demonstrated that nest if oat all ofstroctore nd translation strategy, the mode of MRNA transcription
tc-n acre soenhew genetically' interre latod. is clearly different. InI contrast to the coronanican and BAy inANAs,

>1e-over most plant OhA nirunes - apear Sn cane BEV niRNAs do not ponsuess a common Inoder sequence (see nbstract
£ re--utel relatinos among the animal RNAhvirses. E. flnijdee). The common leader sequences of coennasicos and EAV
hence tee plant cone-, Rpo- oad putysi ruse u ac-n oRNAu a.-:be teesl of a -der primed transcription and spicing,

cOit ic-ally rrelated to the ni carnani -suns, uhilIe respectivnlp (see abstroct T. do Veics).
csaa lac-ger numher of plant niras groups, an,. the Significant similarity between the predicted amino acid

Lc-re-, hrome- , -uume-, tchc-a- and israniruses, sequence, of a coenonsions and cocos-ions ORE and the HEt
-cc-v - to a creaser oc- lessr extend - c-elaced to t he hiemngglutioi of influenza C virus has boon identified n-ich could

cvccc-c-v hE cd ,c ip resened that tuicmajar be tbe reisl of non-homologous recombhination.
- clainac-s nd oncs cIvcl thy cehevtiC A high degree of siotiilty was also observed in the
* tinsli, s cc-c-e sta - froi.e-gnci-c- predicted amaino acid sequence of the second ORE of the putative

a -cv-sosoand i-Sc--irc-l c1--cull 1c 0c . pelleraun gene of two curononiiues belonging to different

anligunic clusters (see abstract P. Beedenboeek). Snihinglp, c-cc-roil

regions of namino acid sequence homology ae present in the
.aihany curminal put of the toroonvionis nd torus-iran polynernue
praccins. Os the basis of these dote a necc supetfamiy wilt be proposed
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c-__J i LA D DcE-A cc MQ)LEIILAR l;EFtI IC ANALSLIS Ot fltld-llsRllh Pil [CAt I[s,
c-a . n*2ctrnS-a-s AND GENLEXLPF.'INNION.

c-cs Dc-nn--ev P-tn- Pc1 AnhtgqucIuI-,Itc-cc-a Tc-asnnc- Phclip Krococ,
1£ ,3 Rd hdipa ?.c-ha c ac-cl SR-it All 5c-c.Instictute Inc Mticie
c-a r- c-- PDS- a ai Ic-ct -y a , lec-V hcc-leqc ,llUccec--ccc-c v ocsea......cn t-tdca n

-n _ts t-- - - - - -cc-elan alay 1-j cs '17016 UShA.
cc p 'nvc- st as t~padna vin n . us-v an t he c"ienenev I ntcnc-- mosaic sfir ccs Vh and tI~-ccn

nc.-pa -c one. PenerntIy .n Sconce annA IdAt- cunnee ctiln...ntcc Satlc ccc-ccv XC [[t a-c' _eo
' h c-i-ned cnv to oelbin thaov tn, Acited aongc RNAs 1, 2, and 3 (3.2c 2d9. and 2. ' I ")).

ca%, i s ot OhM c'-c-a h-e Inc-el c-f Ronm Ndn 1 end 2 inc-sit 10A and 94 J)C tIc--ci cq iNS c-e-
tc-an tin c-ny pta sm no nc-rn than the s-07 plIccn fec- Ics. ,hcc-h share estmnstvn amno nc-td

en ThIis inpendenny c-c-etvnr auto thn Cant that the simtlaristy witn Pc-tncs encoded byp locastc-ses end
c-NO gnnm - c-As nc-c-wsnm v c-tcncnu nnqunn- many nthr-si-uses. fINAl enendes a Ii' nf pc-otecn met
cvsusnmhcP ta nonV muoinote that, e ell spy aceclucc-red for RNd replic-ation end also sec-s as tenm-
ctiellccn cIf nOD, Plate tan' lice ubcdhoiu .-at pc-oteto mcRtd, INfa4. wie

Dice711 nc--rscnd accS plinavc- ocl c-c- up) qeoun a,, hase c-nnslrac-lrd hcootqcc-aly ac-tive c-DNA c-lones c-nc
-a -mmilar to icc-an suhni cal satellites of el-ants. itc Filt ac-d UCM, end ac-tnc these Imctqcue-
Dc-analogy enan inebadom chen nbulitp of the RiNA to stcelce of -plc-tn and host Inclcac-tons. tac-qetet

-- c l-v nc- so mnlt-iuate. hr ctne sme c-innm e n mntaqe(nesIs ctenns-otes that eac-h of thc- nnsec-rid
sroe-mI Jlfcc-tene- celatve to thin pliat agents.. tonIchs in ttce 104 acid 94 icC proteinas te Imnosedt c,

' Ik - ~' -C c-f plan aa cm IcCV n-n-den a proteinc fiNd rept c-Sci llytcc-ds enc-canqcmq selectecd 9c seci-Io a 2 kta nspecien fecc- cctv within v irinn and in meets etoeecc liMv enct [CM% liNed nose allnned nnppinc
eti cu 1feoc-ec Iell. We hane nhonn that the I.., rhac-ec-tec-ntcs otfithe 94 ic0 gene, accd suggeicst

1,,in vocential tar nun- -al genc-nnrepli-atcon t he noe sp tsa
t  

teme(If te-i ine-t t Rc lNe c--
cc- ve n st per ec-allic-n-c ic-n actuaz ccl . The p1c-cime~ may nap in thle 114 iC qene. Neleto c n nd-

ac-c-ic .1- af-paencolp nut diretlp innolned c- RNn- s'15 of senec-el 8MV~ and C[MV RiNds csancvmpic-eid
cic.estee RNAc synthnsis and -e ate currently temiting the cncetsand ca-ct c-c o' rganization of cc-cI
veparhnmss, that it is analogous to c-he eatc- aces cscg siqreats d-ectcnct IsNA c-eplcc-atinn. licrct Nhc'
den strmc-ated fc-c nec-cave group t ad 11 inc-inns. - clt'c-"howc thatcncccccat cn icdI -eccesa-c
Maysm., lipD van he c-nsidered as as n intimum c i-nh -Us c a -nfter c- cnc-cclaid c it acccliccnclercclntlIs dcsahcld

-tc rIsc -Add.tl t loct)etc-n, Cmtan 'i hec ftcat t c-e ct-kI -
teci ncq HMV icc-S 1thal ,c'fv Ict ces are ccmfc-nl Ic-c
tin t he t2 ED) ccn-cc sIp-c acnt at lmost nc-c othcer-
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REPLICATION, RECOMBINATION AND REPAIR OF BROME SELF-CATALYZED LINKAGE OF POLIOVIRUS TERMINAL
MOSAIC VIRUS RNA. Timothy C. Hall*, A.LN. Ra, Gregory P. PROTEIN VPg TO POLIOVINUS RNA. G.J. Tobin. D.C.
Pogue and tCorma E. Marsh. b-7 gy D- partr-rnt Texas A&M Young. MS Oberste. N J Morascu. and JB.
University, College Station, TX 77843 -3258, U.S.A. Flanegan. Depart, of Immunology and Medical

The three genomic RNAs of brome mosaic virus (BMV) Microbiology. Univ. of Florida. Gainesville, FL.
encode four proteins Proteins to and 2a, translated from RNAs I 32610 U.S.A.

and 2, respectively, are vital f-r reolication. Protein 3a is thought We have proposed a template-priming model to
to be needed for cel)-to-Cell transmission. The coat protein is explain the mechanisms involved In the initiation
genetically borne on RNA3, but is translated from subgenomic of {-) strand RNA synthesIs and toe linkage of VPg
RNA4, generated from an internal promoter on RNA3. The sequence

of the 3' 200 nucleotides of each of the BMV RNAs is similar, and to viral RNA. Key predictions of the template-
has a tRNA-like structure that participates in aminoacylation and Priming model are as foilows: RNA synthesis
nucleotidyl transferase functions as well as serving as the promoter Initiates at the 3' end of the template RNA. and a
for (-) strand synthesis. The 5' end of each RNA contains sequences mechanism exists for I inking Vpg to (- } strand
similar to the internal ontrcl regions ([C'R', I and 2 of pol III RNA In recent atudies. we have demonstrated that
promoters This sequence similarity has suggestd a role for pol ItI purified poiymerase and host factor can initiate
factors in the synthesis of infectious (+) strands, which are produced RNA synthesis at the 3' end of polyadenylated RNA
in some 200 fold excess over the (-) strand, templates. In addi tion, we 'lave shown that VPg-

We have used RNA transcripts of cDNA clones containing linked I-
) 
strand RNA was formed in a self-

site-specific mutations and deletions for in vitro studies that have catalyzed reaction that required VPg. Mg . and a
mapped viral promoter and tRNA-like functions at the molecular pollovirus RNA replication Intermediate
level This approach permits discrimination between regions of the synthesized In vitro on poliovirion RNA. The VPg-
tRNA-like V structure tnvolved in (-) strand promoter (replicase linkage reaction did not require the viral
recognit o ani nitiation), tyrosylation and nucleotidl transferase polymerose, host factor, or rihonucleoside
fuction the promoter yielding subgenomic RNA4 was found to triphosphates ad waq specific for IzuduL RNA
extend fori appr.,cicatCly 62 nucleotides, and contains fotr functional
doonains D)eletion of the ICR land 2 motifs from the Send ofDMV synthesized on poilovlrion RNA, The covalent
R':A I.c-s promoter activity, supporting our belief that pol III nature of the bond between VPg and the RNA was
factors mas be inlel in (.t strand synthesis. demonstrated by the isolation of VPg-pUp from vPg-

linked RNA and phosphotyrosine from Vpg-pUp A
Studios liii. using barley (a systemic host) plants or model is proposed in which VPg is covalently

proloplast,, and fhopodv hhtridun (a local lesion host) plants
.o>nfir the alidt if itetyreta';nov from the in vitro studies. linked to a 5' terminal (IP residue i. (-) strand

.\nali,, if intectisits of full-length genomic RNAs bearing the RNA as the result of a transesterificatton
defintd ntlalion has revealed repair of the 3' terminus, reaction which involves nucleophilic attack by the
Aemivtrinoe a telomeri'-like function for the V st lcture. VPg tyrosyl -hydroxyl group on a phosphate in the
Recoevlli, o, iiral sedu-ncs has also been seen, ai I the terminal htiirplio JlO 1i5 the templati. and Product
parat e-l , ritihuin, to a high frequency of occurrence in some PFNAs
,, I o:,t il it aeseoce if recombination in others are being
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Plt Pi [FION Of tlE SINI)Bl3 fIRS Cl \Iyf. MURINE US)RONAVIRUS
3 RNA SYNTIIEIS JL Lcibeoit

*,

Ai 3 c-loss, Coi
t
nrciia I vs litste of U,teol.tly, P St Zoutich K itilmcc

3
, and SR. Wciss Univ Tqas Medical

;isilenc 125 U. S l on ,. Pcnnsania ldca School
, 
and Uni-

Fill 1,1, tlors It ,, -oet d n ,t~j, ,liimcd Sc;qiocs U1io l-s H, th broncs

tIi c hi rleonoe li iif thie rionst r tal prote- Mtuic viireoairu infcvtd cells nyvthevie a single species of
:ro, trlhiletm foil tho n ,o hae been e.ied a gcnonlic size negative polarity RNA which seres as template for the
nOmior Wl wrys. ;Ito spe'll I

t 
ilt~f e o ts. l'list syothesis of both genome RNA and multiple subgenomic mRN's.

both c tubst itt o , um rd drlet -ols, lieu ee tntroiuleid The subgcnomic RNAs are bipartite consisting of leader RNA map-
intc om noreid domviii of the leriame fled the effect of ping to the 5' end of the genome, with the body of the mRNAs mak-
tie.e cnsiqes on tne repl reet rin of t hc v i r, in blth io up a nested set mapping to the 3' portion of the geneme.

ertebretl -eel Is and moqito ol1 eomrirl. , fun- Temprcature- sensitive mutaos with defect& in RNA scnthosis
t rols of lovo tree In telot; in 1NA rN y Iiteat io bclong to six different complementation groups. When examined in
hao t-ci explored by mppll n i her of temperature mtr dctail mutants repicenting ther complemenlalion groups
soenstt rye el"Itm Is Ir eorel coiplevental oe qroi ps, display several different phenotypes. Temperature shift experiments
out, 1cov toe lotlo r of these vitatien, evd 

t
hlr have demonstrated that one mutant is defective in a function

lliletopes, ;it Icost !;11me of tiv f10-t rols of t1hose requirsd very early in replication. Other mutants are ched at lai,
proteins con ye eted i'rod te l tcl;ti'1 to I l oloe I ee stages of replication and can be divided into at least two classes,
t llvtt 1 0 lvro th r rsoc inlnynt Oirl to rodeiice the those that can be induced to accumulate leader RNAs and those that
fi r,; It cl'otrl i plodocts has tioelllltppd -dil fivhi to do not.
Ire In the CI-t rinoi hl of ii intotr i ;P2. We tlyyii- The mouse hepatitis virus RNA polymera is thought to be
tiest Ce fIl-o 1 l id ll,-noo 'limt, l it ii 1Ith popili1n encoded within the 5'20 Ib of the MHV genume. Molecular clones
th-t tho piO tei rs b111o0t l; to tt ; silpl lv It. Itl, representing portions of the putative polymease genets) nave been
oicittl o.

; 
f livuloif the pii It lci"l pIoi lr i.r r shll 

-  
expressed in E. coli utilizing a strategy which does not require

protein-lt p [;, I,, tic 11 ceil , cc ,_et voknowledgo of the sequences bing erxpresed. Antisera have been
I tothri tc yleo o~nI proIli, . i. ltraised to those expressed portions of the presumed MHV polymerase

grne(s) and thes antisera verified utilizing a novel strategy. Radio-

immunoprecipitation experiments utilizing these sera have identified
infected cell proteins which are encoded within this portion of the
MHV gcheme. Indirect immunofluorescent studies have demon.
strated different intracelular locations foe proteins encoded from dif.

ferent portions of the presumed MHV polymneras region of the
genome. This supports the hypothesis that multiple gene functions
are encoded within this region o( the genome.

______________________________________________________
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IN VITRO MANIPULATION OF PICORNAVIRUS CDNAs TO STUDY NATURSAL AND ARTIFICIAL POLIO D1 PARTICLES
VIRAL GENE FUNCTIONS Akio NIalto*
Cristina Gioctsett and BeW L. Semler V*) DePaitret of !Microbioloy, 11he Metropolitan ThstU cute
Deportment of Miilcoblology and Molecular Genetics, University of Medical Science. Hokaraam, BssnkYO-ku, Tokyo 113
o4 California, Irivine CA 92717. USA Japan.

We generated a number ot amino ocia reiplacement Defective-interfering (DI) particles of the Sabin
mutants in the hydrophobic domain contained in poliovirus type I strain of type I poliovinu is wre genrated on serial
polypeptidte 3AB. It has been proposed that this membrane- passaging. Characterization of many DI particles
associated precursor of tne vinan-linked protein VPg may play a indicated that the locations of the deletions were
role in paliwirus; RNA fieptication acting as a flpophilic Carrier tot limited within the internal genairr region enituii;0
VPg (Semler et al., Cell 2a. 405-4 12). Among the mutants we viral capsid proteins: and that the deletion sites we~re
isolated. mutant Set-3AB-3tD/4 snowed a strong temperature- ctus Iedl in certain areas on the ger-nre, Sequesne
Sensitive phenotype viral grawthn and viral spectic RNA synthesis analysis of a muter Of cloned cDNAPS to the DI genaess
were dtamatically reduced at 39

0
C. Temperature-Shift revealed that every DI gencrm retained th-e correct

experiments (from 33
0

C to 390C) indicated thor the mutant was reading fraras for viral protein synthesis. These
able to synthiesize RNA at a normal rate immediately otter the results strongly suggested that one or several viral
shilt-up. but longer incubation at 39

0
C resultea in loss ot the RTNA non-structural proteins ight be cia-acting at least

Synthesis Capabiity Viral broteif synthesis was normal at 390C a certain stage in viral replication. This naton
curng he irs hur tte th shftfro 33C, a ler tducioninwan proved by the coratrcction of a narTber of artific-
ourng e i~thou oterthesrih rom33C. rat0 lea reucioninial polio DI lOSAs followed by the test to irsisre

the overall amount at viral protein synthesized at 390C occurred their ability of lMIA replicons. Crputer-aided
afterwaras. Most likely ais a consequence ot tne lock at new R(NA sestuence analysis of natural DI genarnes gam' ain insight
template synthesis or 39

0
C. No ditterences in viral polypeltide into the generation meschanism of polio DI particles

processing or 390'C were oerected. nor were there drteronces in that was a new oopy-choice model. This mondel was
the JAB->3A turnover, The only polypepride difterence observed supported by the analysis of the genoera of deletion
was on altered motility ouring SOS-PAGE ot these tao mutant viral mutants generated from a viable insertion nutant const-
proteinis (3AB and 3A) The normal protein synthesis/processing ructed in vitro.
Pattern produced Dy Sel-3AB-3tb/4, ond the results olth Rn tNA
synrthesis te miotore -shtft experimenrts suggest a Drimory
cetect in RSNA synthesis (which does not involve RNA elongationi)
as beung responsible torthme ts pnencrype at this mutant These
dora ptovsce evidence fOr a Oart-tt role ot polypepite 3AB in
paori,rs RNA synthesis
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oI-A~rt1F OFTIPATIISA VRUSIN ,L 1Ltjt5 ~MOLECULAR STUDIES ON SINDBIS VIRUS AND YELLOW
CLTISPA SPTHC1N); FEVER VIRUS

l~og , ., 'uesb, Jf.,do Csasonav -tC. Rice", A. Gnakour, T. Chambhers, R. Galler. R. Levis, R. Raju,
ns;snfor Hygiene t ed. m~icrobiolng',, Univeritty H-. Haang. Dept. of icro, and Imtnunol., Washington Univ. Sch. nf

of c-r, Piecbihssr 51 C~-T~l hrnSwizerandMed., St. Louis, MIO 631 10-1093, USA
ilepatitis A virus MIAVi is a uniqlue picorvavirus Sonse of our recent work on Sidbis virus hass included a genetic

Lhe~ ends to establish per5Siieri rather than li-tic irnily.lis of the promsoter for sihgenomri RNA synthesis. An insertion
infection upon replication in tmist cell culture systems. nmutatien is the putative promoter sequence drastically reduced the
viral har-vests from Such cultures contain particles level of the subgenomic RNA without altering the Stan site of the

-urhdefective qenirnt and the ability to interfere RNA. The cis-acting effect of this nuation was detrsonstrated It,
with replication of standard SlAV. Characteristically, incorporastion of either a wildl-type or mutant junction region into is
thle genriac defects consist in three internal deletions defective-interfering (Dlj RNA. and esamnrinug the relative synthesis
within the region of the genarrm ceding for structural of 01-derived sulagenomic RNA in vive in the presence of wild-type
proteins and span irts 930-4380 (deletion A), 1200-3820 helper virus. Independent. early passage revertants of the mutant virus
ill,, arid 1370-3240 r) IiIn addition, var IOUs truncated were reasdily isolated and sixteen were characterized in detail.
Rz~s were detected laciiin, either partially or cornple- Although all showed an increase in the les-el of suhgenomic RNA
tely the i terminal region which is supposed to code synthesis, sequence analysis of the junction region revealed that the)
for The viral replicase. Type and predorinance of deo- acre all pseudorevertanis, with only two containing potentialy
rsons A, 03, anid C varied with the virus strain, with comrpensatirng changes in the junction region. An assay developed to
the type of cell useed for propagation, and with the identify revertanrts wih second-site changes in trans-acting viral
nurrx'r of consectivie in vitro passages of the virus, corriponents involved in sihgenonsic RNA synthesis identified at least
The mrost prorrinent deletion C acciunulated to detectable two such revertants. Mapping of these and other second-site
levels as ear ly as five passages after isolation of SlAV comspensating mrutations may provide genetic clues as to which v inus-
in cell culture. Moreover, analysis of I5AV-RN-A purified specific protein(s) is responsible for interaction with the conserved
from clinical spec nnens revealed the presence of dele- junction region to promtote suhgenomic RNA synthsesis.
Tios B and/or C in hunran fecs and virerrie blond col- Oar work on yellow fever virus 1fF) hiss focused on (tic
lected in the enuIse of natural hepatitis A as well as identification of the virus-encoded proteins and proteolytic processing
in the liver of ans exrperinentallby infected msarrmset of the viral polypratein. In additiont, a systems for regeneration of
mronkesy. Appearance of defectiie IIAV glem-ris both in infectious YF virus from cloned eDNA hiss been developed which
viva and in vitro as well as conservatioh of deletion should facilitate studies to ueiennine the role of flavivirus proteins and
endpi~unts under both natural and experinmental coi RNA sequences in virus replication and pathrogenesis.
tions at replication uf SlAV may provide an exceltent
ienadol systemr to investigate generation and significance
of DIes in "seal disease,

5
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P*:_ I Ih.Ti T~,NA'lS1E N ; iHE W TIJI.Y ( TIIS DEFECTIVE INTERFERING RA.~ ASSOCIATED WITHS PL&NT

A:11; i IF 11 A1I GlE 41402 IS IFECTIONS.
F, 1 t. 1, T, . Morris.- Dept ,ouf Plant P.athology, Soil.

C alifo0rnia,, Serkeley I, CA 9'720,IA

1)efectnor oterfrog N~ OAs have been ideottiid
e-r1-.iiy inort association with tomato busby stunt viro(DT a

us rerigo Dir ti r~s onoprtite, Icosahedral In ~rso theTohvls
group. The se Dl RNAs signifIcantly atte noat e d Isaease

b~tt 4en,- , PNS 11 deelopmient aod interfere with the' replication of the
tc! MV; r,,- proot iro. 01 . EZRho.A of ahout 40 ot tha t arec

"totaliyas. .latc with T8SV Isolate, Save heeo

Io: -1, -l c topared to novel Dl RNA species gocrated de n000 by

~ .. ,high nultiplirlty passage in several plant hosts. One

-t - -. u r t I l i - -u c h O l RNA , d e riv e d d u r in g t oe i c o n s e c uiitlcu h ig h m e vi .

"naly.,- rplicates to high titre, and protects the host from

-r- th i-g'te normally lethal necrosis associated with helper
1~ 1 it vieas infec to". Several Sodepenhent cODA clones vade

1:g g, -N ttiis NI RNA are rolioear deletion matants ol the
h Snper viraus c onsisting6 of s e qoene fIrom hotInh te 5S

"I cr- it 7ay, ,d 3, ron-codlog regiass of the viralI geno-e an eL
I 1.r t-ts a a portion of internal fcvvo ron the viral

-W ~fo~ ~) polymorose domlain. This mnoti l- sivilar to that of

ifs~ a- tc !I rep nC Oio e vly J ' dntiflel 01-lke RNA species a.saclco
-i- otitt tory Ilp crinhlc v inca, a distantly revcd novmce

ofthy Corvoviron groupi. ae-e cirrnntlv using in

vitro teon-oly of vaturol 02artificially nodif' lied
El oios t. ,d-cif l.- -n-5e~c inportant in iho

-p' aic , ttyniltso n ovcayslloci of
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1NITIATION OF PROTEIN SYNThiESIS IN PICOgiAVIRUS mPNA UNIQUI FEATURES OF INITIATION OF PICORNA VIRUS RNA
AND) PRCIEULYTlC PROCESSI5I OF ThE VIRAL PeiLYPROTEIN, TRANSLAI ON.
S.K.dang, C.U.TfHellen, H.G.lKrausslich, C.K.Lve, C. M.Tl-Hoiell, A. Kaminskci and R.l ackson*. Dept, of Biochemistry.
Mlrzoyan, Q. Heuer, C. Holscher and E. 1-homer' O)ept. U. oif Camnbridge, Tennis Court Rd. Cambridge GB2 I QW, U.K.
MicroS., ;UNY at Stony Brook, Stony Brook, NY 11794, Recent e vidence has lead 1o the Suggestion that ribosomes select the
The large Size Of the 51-nontran)Slated region, and correct initial'i site on pi cornavrni RNAs by scanning r_, from the
the absence of a napping group in plcOrnas'irus nRNS 5'-end but from an internal ribosomre entry site located within the 5'-
rOave led us to carry Out experlinents aimed at untranslated segment (5'-UTRI. We hare eoamned this proposition
investigating the Mechanism of initiation of proteun using cell-free translation of RNAs transcrihed in tirro from a variety
synthesis Of these viruses. We will present evidence of conistructs comprising segments of picoruaviral S'-UTR linked to'
suggesting that the formation of an initiation comnplex reporter genes. In the rune of encephalomyocarditin virus (EMC)
occurs at an "internal ribosceme entry site" (IRES) RNA, it was shown that the correct initiation site, the I1Ith AUG front
without the need for a free 51 e-h. The IRES elemtent the 5-end, is not selected by a mechanismn involving scanning from an

is soy' -Il hundredt niucleotides long and, according to upstreams entry site. The immediate upstream AUG codons, AUG-S
the asi . of V. Agol, hsighsly structured. The through AUG- 10, are comspletely silent in RNAs which include moost
polyprotein is myriatyolated soon after initiation of of the EMC S-UTR sequences downntreaen of the polyC tract. but
synthesis; inhibit~lon of nyristoyatuon by mutagenesis are fully functional in constructs with shorter 5'-UTR segments which
renders siral RNtA transcripts non-infectious. aire translated by a conventional cap-dependent scanning mechanism
Mutagenesis of ccwrpoents of the polyprotein has With RNAs that include the long 5'-UTR. ritnisomes seem to bind
produced new insight in viral Protein function. For directly and exclusively to AMe- I I without scanning the apstreamo
example, VPg was found to be involved in steps of seqluences. In con-rast to this initiation at a very specific site on
viral proliferation following RNtA synthesis. ccrnstructs with EMC 5'-UTR sequences, our results with constructs
Enpression of viral proteinase 3C (suggested to be a w hich include segment$ of the poliovirus 5'-UTR suggest that
trypsin-liEle cysteine proteinasel In E. coli has rinsoines initiate preferentially at the first AUG codon downstream ccl
allowed us tc produce homnogenous enzyme suit-able for mt. 580-600, regardless Of the endC position of this AUG codon. Tis
crystallographic studies. The enzyme cleases is consistent with the comparative 5'-UTR sequences of polioiviruses
specifically synthetic peptidles with kinetics and human rhinoviruses, and with the following observations of other
Mimicking that observed in vivo. Purified 3C, however, grosups: (i) deletions of the poliovirus 5'-UTR from about nt. 601( to

cannt ceav effcletlythe I cp~i preursrnt. 730 hare little effect on tranalation efficiency; jii) the tnsertton of
annhougt ca effientl the P= ad prectrso r, an AUG-containing seqjuence into thic region is itshibitor-y to correct

although site canered~ Int an aniei sj ite a f the exprression of the poliovirus coding sequence. These observations
cleavage Site-enieered itoagneanIgei st of thceaa e could be explained by a model of ribosome binding at an internal entri
virisn.uSitetdirete utageadnermoAleaeage sire, followed by linear scanning of the RNA starting from s position'

cleavages carried out by 2A differ in their coet .60
requiremtents for the cleavage signal.



S 17 S18

INVESTIGATION OF CAP-INDEPENDENT TRANSLATION OF THE MYRISTYLATIUN OF PULIIIVIRUS VP41 CAPSID PROTEINS
POLIOV IRIS RNA AND THE CELLULAR eRNA ENCODlIG HEAT Carol Reynolds, LiSa Curry. Nicola Moscufo. John Simons
SHOCKt-LIKE PROTEIN GRP7H/BiP. and Marie Chow*, Dept. of Biology. Massachusetts InSti-
Pier Sarnowe, Lyle Najuta and Dennis Mavejak. tote of Technology, 77 Massachusetts A.c., Cambriugn,
Dept. of Biochemistry, Biophysics and Genetics, MA 02139 USA
U~nIversity of Colorado HSC, Denver, CO 80262. USA. The VP4 capsid proteins of poliovirus is N-terciin-

ioliovirus interferes with the translational ally modified with myristic acid, the fourteen carbon
machinery of its hont by Inac tivating the cap-lblnding saturated fatty acid. The modification reaction
protein complex elf-hP. Subsequently, cellular RNSs appears to occur co-translationally with viral protein
hearing a m7G-5Scap struciure can not he translated, synthesis and can be catalyzed by host-encoded enzymes.
while the viral RNA, which doe s sot hane a 5Ocap, can To characterize this modification, mutations bave been
be used as a functional nONA by a mechanism termed site-specifically placed in the N-terminal amino atid
"cap-independent translation". sequence of the VP4 protein. Substitutions of the ii-

Nonetholes, we have discovered that at least one terminal glycine residue with a wide variety of amno
cellular mRSA, encoding the stress-indi,ced protein a~ cis prevent this modification from OCCuring. indica-
GRP78/iRP can he translated at a dranatically increased ting that a N-terminal glycine is absolutely required
lovol at a tine durine polionirus infection when cap- for this reaction. Additinnally. upon transfection
dependent translation of cellolar nONAs is inhibited, into HeLa cells, these mutant genomes fail to yield
Datta are presented which suggest potential roles of infectious virus. Thus. myristate modification appears
1-c ,huck and Seat shoch-lihe prolcion iv polioviens- to be required for virus viabi lity and mutations in toe
Iifitod cells. virus that prevent myristoylation of its VP4 proteins

It has been postulated that cap-indepcndent are lethal. Amino acid substitutions at other residu~es
translation is mediated hy Internal hinding of iho 4.05 in IfS display altered levels If nyristate modification
rihosonal suhunit to the mniA. In order to elucidate and generate viruses that display attenuated growth

this nechanism, we have used a novel electrophoretic pheiiotypes. The characterization of these viruses oill

assay, in whieh RNA-prnolcn coemplexes vigrate yore be discussed.
slowly in polyocrylanlde gels. to identify factors

which interact with the I'noncodlne region of the viral

eNA. We hove identified protein factors that hind

specifically to certain wequences in the Vnoncodine

reeion of the viril iDA, and we are currently assaying

the possihle functions of these factors and their

-.gvatn nvqv-ces iv cuy-lndieynndent trnslation.
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THE SIGNAL SEQUENCE OF THE P62 PROTEIN Tf(.iECULAR GENiTIC ANALYSIS 6iF S PLANT IRL9 PfnTEIqS-

OF SEMLIKI FOREST VIRUS IS INVOLVED IN AND ITS CLEAVAGE SITE.
INITIATION BUT NOT IN COMPLETING CHAIN T. l awn Paths, S.M1. Tony, and1 S.C. Toughert,*.

ye'nr fl si incuhiolov ',oa Late nv
TRANS1II)r TIC0N Cv J Iis , T'AO.
Henrik Garoff*, Danny Huylebroeck, Andrew Robinson, Tv.- eich Ot,, , (TEV, a j--tO r
Ulirich Tillman, Dept. of Molecular Biology, Huddinge its geerotic Iinfa-Lil - a viugl Nig so -I vt i-
University Hospital, Karolinska Institute, Sweden proieini fron a gutioor length fNA. This yolyp-cvn. is

The assembly mechanisms for the Semliki Forest virus procesued hy at leasi icy viral encovd proivolytc

(SFV) are based on the exsting pathways for membrane activyitinsvassociateycicoev87a0l0calyson (1Ilv u

assembly in the animal cell. Because SFV has evolved revlease lion the yoyvtiwhile the 491kba
several rather uinque modes of using these pathways this proilnase alo cleaves at thnee other sites. The
hav6 haN. Proven a vatuable model !: study membrane cleavage nice requlneevtS of the 49kDA noteInase
assembly in general. For example the question of signal have been nnasind using -o--L aes sytin's-eon in a
sequence function in chain Iranslocalion across the cell-ifnee transcription/t nanslatlnn system. Tin Till

membane f th encoplsmicretiulum(ER hasreceiOlh49ia proteinase recognizes a heprtapeytide sequence
membaneof Ie edoplsmi relculm (E) hs reenly ad cleaves tin yvlnprocelv between GI-Son oa Clv-

been addressed using SFV. Gly dipeptides. Within this *nvern ..n~no avid cleavage
So far it has been demonstrated that the signal sequence sequence, the Ph Glo, the P3 Tyr and the Ph vin are

of proteins which are made at the ER functions both a1 Ihe conserved and are essential in defining a functional
level o1 protein targeting t0 the ER and in initiation of chain 1--avge site. Amno acids occupine the PS, P4 and
translocation across the ER membrane. However, its P2 positions vary hetween natural TEV cleanage sites.
possible role in completing the process of Chain transfer (clf. and in cell-free assays, affect the cleavage react ion

profile. Two TEV cleuaae sites Sane been analyzed ie
Singen, S.J.. P.A. Maher, and M.P. Yafle, Proc. Nall. Acad derail; the 5Qk~s/7150A and the 5RSIA/3Ohim TEV pro-
Sci. USA, 1987, 84:1015-1019) has remained elusive. In duct junctions. The 5Ok~a/7lk~a cieavage site is
the present work we show that the p62 protein of SFV processed uslowly", while the 58ktia/3Ok~a site is
contains an Uncleaved signal sequence at its N-terminus processed "rapidlp" in cell-free processing assays.
and that this becomes glycosyfated early during synthesis Enchanging the amino acids In tile non-conserued posi-

and translocatioin of the p62 polypeptide. As the tions with those residams found at the other cleavage
site changes the neaction pnofiles. This raises theglycosylation of the signal sequence most likely occurs ahter psssibility that TEl' may regulate gene expression

its release from the ER membrane our results suggest that posi-tranoslationaily by differential processing ni
this region has no role in completing the transfer process. particular cleevage sites.

7
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fL'RE AND ASSEMBLY oF POLIOVILS THE STRUCTURE OF FOOT-AND-MOUTB DISEASE VIRUS
, hgl. UnK~ ~paneeni of Molecular Diolotys D. Stuart-

, 
R. Aciarya, E. Fry, D. Logan; Laioratory of

ir: icmnstitute of Scripps Cliniu ronnn .orrcv Molecular Biophysics, University of Oxford, Oxford OI
Rd.. Ia jold t tCA 9i0ur U A 3QU, England. G. Fox, D. Rowlands, F. Brown; Wellcome

Biotech, Langley Court, Beckenha, Kent, BR3 3BS,
ri0t", 2 England.

The structure of crystals of F4DV I serotype 01 BFS
I r it.," or,.cnrrc ,'r vr. r. ,curv,. 1860) has been determined at 2.9R resolution. Refine-

r i .' I:: p i s tron llh t pe I 'Itlonic v nt against all data (includin3  weak and negative

tIrn. h t _Pl iono of throc Itru.urs for tho intensities In the range 5-29. oing XPI. ecs

t'int ct 'rr indrts 'o Iy' - ;flcltc host reduced the R-factor to 16 with an RMs devaion in.lno -thflb . jnt clf'reatl to trv Itlon , toet Do1d lengths from ideal values of 0 .2 1 7 X, with no

I,~ dln..al rebuilding of the eodel.
The overall structure of the capsid and the arra-je-

sont of the proteins within it are similar in gross
terms to that descried for other picvrnavoruse, hcw-
ever, there are a number of unique features. The
Canyon or pit found in other picornavlruses appears 'v
we absent; this has important conseqences fer cell
attachnent. The ejor immunogenic site (the so-calIed
F Mp loop, residues 140-160 approx.) forms a d isordered
protrusion. Thl. -ufers a satisfying structura'
eplanat ion for the peculiar success of synthetiu
peptide vaccines against FiV which might have broad
unp icatiews for the des.n i g - h nav ines.
l ures of evidnce fron. our worn and that of otnel , nave

uoatrd thIs ,M'V loop in cell attachnct urtd ther,
s evidence tiat the cellilar reonptcr for rsto io

ncor of tce uttegrin family.
,e h-.e ;-vectlgated the str-otore of toe !-q

1% 11i site iJentilied cy Ron- n lot 't, .
-.uc cesu.ts uli e disct j s e
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ff1,:i Vit0 fIN PCAl INl 01-1IL SPIIEPICAL S hoPf 5. .
f Y. T ll r(I tI FII LSOLUIIJj n Ci TALLOCRPHT
I- £ c' .. . ,fue(I er , . ., I. Schnid;

1 
, a. ,. n" A,,

13 . .ier , ,. 5oks'. 0. Ltavonossoff" 4 t.

',t, of 3ti0 . 5 .' :lI I iri Sll , est [L v'tI

* .. 75;, 7n 5. . I I.t R
Jo:,', ce liit . , .st. of ',t leience hIS., ' . ,

-th, c:. Im bt 114 _11 r, k h'tgdion1,uqe Ln., llorich tUf 'Uti, Uri ed rdo 'L , , i,\ t. ,,, , t ,*, { ' , ..
There dre d limited nmber of ncleoprotein inlt l :

,-ple"s thut can be Isnlated directIy from cells id " , - , ,'tlt .;c, .,
v.i' ,ld ising 11-ra crIstallogrph . EsampIes under 'P,,, srI' r ,ll

iesli Itlon include the ribosome, the nucleosome core f'," n the I -rq i t',;-
totlir and spherIcal viruses. Dny vruses have been , , r ] , it ir ct I ,-''rod ,t . ttlutlot, t~tIIient to reseal atomic t,... .. .. :t, I-. , ,
detail. Coat protein structures of spherical viruses -0'.. t .'.f,, i. t ''lv f't"lf, I t:
Inifecting manlals, Insects and plants have been (''l 1,f I.. :1.Ii I f ... I I , l,-',r :.l I ,
determined at near atomic resolution, however, protein- ., ' t'', ,. . n- .... -t t .l *,l:, I t,
nucleic acid Interactlons In these viruses have been '.r .: .- .: icr,, intl lv- rc tcrlnin CIII,-:
only Indirectly suggested by disorder In portions of the r.:t I .. ,..'-l'i ,)ito..,r'tnlt,, lhe ncr.
protein subunits and by the distribution of bdsiC o tltcnvr o'.ol ote' I tote ie ii:,: I lic Br->:
residues on the Interior surface of the capsid. We 'Iif ,iritmo.... ItrIs til.: I sy ,rnrllti;ioerl L..
report the structure of a spherical virus particle In ... ,, lt.l.rl r .r dIt|rtlch1 i:oiO:,s-l .rmt rit se l',
which about 20% of the packaged RNA Is well ordered. 5ltI f s It::'f but 0:; o mmtor or hoe. pin-
PortIons of the ribonucleotide chain bind to specific I:10 ;1.,.:: ins irur rim' drrcr rot cnnl:, r
regions of the vIral suburlLs and display the symmetry hInr.q , ,rn ;rt of lIe hrdroplri neqnrr-r
of the capsld protein. lhe RNA is packaged In units of mNAl r.i-rstl v lwh.torre-ostirc ioebl co Ipllm o tom.,
roughly 3) ribonucleotldes that circulate about the R t, rei rnro inl whinch asmembles Iota .iruv fr.. irl,
trimer axes of the capsid. Analysis of the protein rots m wb It r-rd Ile" I Iierot thle i n.rm Io.
subunits shows that there Is a striking similarity -,raInt
between picornavlrus capslds and the beanpod mottle rr:;lti in.
virus (BPMV) protein shell, thus supporting the
relatlonzhip between plcornanlruses and the plant
comoviruses already suggested.

m m _____l II il • i m_____m ,
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EVPr NCE FOR SPECIFICITY IN THE ENCAPSIDATION OF THE CELL BIOLOGY OF A TROJAN HORSE: EARLY

SINDBIS RNAS EVENTS IN ALPHAVIRUS INFECTION. A. Helenius',

ondr Schlesinger*, IB~rba Weiss and Hans Nschko Susan Froshauer, Ila Singh, Sandra Schmd and
Ire Mellman. Dept. Cell Buol,, Yale School of

Dept of Molecular Microbiology, Washington UnversityScholof Hd., Now Haven, Ct, USA.
Medicine, St. Louis, MO USA Alphavirusce enter their host cells by

In previous studies we had identified sequences in DI RNAs receptor-mediated endocytosis followed by acid
of Sindbis virus that ate essential for replication and packaging, but triggered fusion in endosomal vacuoles. By
could not distnguish between those two steps. We have now studying the uptake and the acid-induced
identified aeon of the viral genone tha confersapecificity in the cnfonnational changes in the spike
binding of RNA no the esid protein in vitro. This region which glycoproteins in norimsl and acidification

extends from nucleotide 683 to 1255 in virion RNA is also present defective CHO cells, we have deonstrated that

n DI RNAs. A DI RNA that lacks these sequences replicates in the organelle of entry is the early endosone.

infected cells, but is not packaged, providing evidence that this sFv does not penetrate fr, primary endocyt c

domain plays a role in encapsidation in vivo. In the course of these vesicle, nor normally froe late evdosomes or
and other stodies on packaging, we discovered that Sindbis RNAs lysosomes. Our evidence suggests, moreover,
and odero studieobnpacain .T e discver w at e disthat replication of viral RNA and synthesis .f

can undergo recombination. These results will be discussed. nnstructural as well as of structural proteins
occurs in structures associated with the
cytoplasmuc surface of cytopathuc vacuolcs I
(which we find to be modified secondary
lysosoe0s). The lysosone associated mat al
contains naP3 and nsP4, and probably
constitutes a "factory" for synthesis -1d
asse bly of nucleocapsids. The uncoatLg :
t:., aral nucleocapsids remains the least
understood step in the pathway. We find that
the low pH in endosumes is not required for

uncoating of incomung nucleocapsids; capsids
isolated from virus are infectious when

ricrounjected into cell. (NIH R37 AI18599 .
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%100 Pii. -. I 1i'f-i MOLECULAR CHARACIFYIATbCN CF 'HE MAC O Pc'
'('Ill A\ .PH,,.., i oINOVIRLrS RECEPTOR REVEAL' iE-NT:', T ' ICAM-:.

0 Joanne E. TomassIni. Donald uraha', Corrille .
i r .I I .. Dewitt, Do ald W. Lineberger, ard Richard '

Colonno'. Dept. or Virus & Ce'! Biology, 'e~rl
.i-... .Sharp & Cohrie Aesearch Laboratories, West int,

PA :9486
,, "," - i. A 90 k'a -rrai-e glycoproteo as cre,1ut l,

. , , .i,I . in :, So' isolated and sh,-n to be required for infection ty
ti~rh'r , ,.,t:;,-" ; ~fr 

',!,.'{f~h P HI:H ( . , , I ,,!the 'major" group of Hu*:an Rhirovirus '14R'V)

to itot ~i, . . , ,, i n I- - . serotypes (J. Vircl. 5R:290-295). Amino acid
.r i ,r ' I . , 1 10) 1 1 sequence of the receptor protein was obtaine fror

'i 'I"t , 1 . ..- 1 rt ,f Ml?% A", isolated CNBr and tryptic reptides. Using

.nii rr i , , , l , I~. " , - -, S ,egenerate oligorucleottoes predtcted from the
r Crpti. i t , . 0it, MAO Pptide sequences, four cDNA clones were identified

tc1 , tii- i,:
Ij
ti sm-rtiit ;,-id inlt. in - that encode a 3 Kb mRNA. The clones were ligated

f rt, r, lnr chit- together, subcloned into a SV40 expression vector,

bl , ii t ri MAI, ... a i ... .iii and used to transfect receptor negative Veo cells.
tf 1t ' t,'; . 0, it I .' t ,- I M14, Results showed that transfected cells expressed

i vtnto-tlr dir t f'- i . )f t i., ' -rnni- receptor molecules capable of binding HRV and a
tn r ii'tniu t a, ...... T i r q Ii i ll;if"riittii monoclonal antibody which recognizes the "major"
uti[)?loo to) tin Irvin Jnt i i mii it fmfq i Mii -A,') t, on group HRV receptor. The cloned receptor gene

-t t, .- ' II lo, i f th,- r" displayed nearly identical sequence homology to the

nit r ,il i to ii -I . I ] ii-
1 

rt in tnppiit gin.,- intercellular adhesion molecule 1 (ICAM-I) and

urn ,ric i, s>rorlrr-. - indicatr. tht the two surface proteiis are cne and
the same. Both proteins have identical mass,
carbohydrate composition, and tissue distribution.

In addition, "major" group receptors on HeLa cells

could be induced with variou, cytokies in a manner

similar to the ICAM-I ligand. A similar induction
of the HRV "minor" group receptor was not ubserved.

Molecular studies were initiated to map the virus
and antibody sites on the ICAM-l tigand.

9 4
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i Jt 1, FAl 10.1 1111 MAFFIA? IFFM,1% FocFFNFI RUPtIIOl NO 'I BIT !ON OF cYTPATHOGFENI CI TY INDUCED BY

Ivi Ir l;,-1 "'d JF ccc e , M . Gt, K, - 1 PICORNAVIRLSES MY A PIONOCLANAL ANTIBODY TO
I N: ERELLU LAR AIiFES IONF MOLECUFl.-I (lOCAM-I1)

Fo A i . err; FHocr, [t IrisA. %1c t A'lrco IPh, D.* aod RoberIt Roth I ,lo.

J- ci,-ur, ryin-o1 rit1 rrc-pto a -i y." ha , Fr, orer 47g-r Irigelhroi. Pharmaceuticals, Ic,
'u East- Ridge Road. Boo 368. Ridgefield. CT 06V7>

FI. ...... F . e I, tr FI rannec icrc, F rir ihoi directed towardIteclla

Af" tic 'All, ootir nF boFF, Fi- Itu- Il sion 4 ole-c FICAYF-lI have he-o shoot to
ah F~ t acirent of thmaj or subgroup of

, .rtt i-ti-eptot mo-,o.o-I .,t Frol, P- 'ur F , d -h'inovcrusrs to threir receptor. The tocep'ot for

peIrrt - crotiir IS-loaiF Fricri F rrccitt r itr abs gr.up has b-,isbeqetl sh.- to b0

1 i11" t ttii. cr i tr tt FtFFi 3c f . u -c rcc1 .,.. b d ,,~ .dhro;-

* i -.cFn -q-rtnccrc F, 15ru~crroFtr -- pi'F- posic c- tostod orlpoi "O-rdo-dc
I ;cc0p at;,.1cn cffect CPh) assa.;s ;11 rc-.

F, l lrcqtlr rcc (-trF OA ,I c a s Irt-Id aii, -ncor -ropt- ro lbgcr. as tite
uxuhe strains r polio . c-alan tab

rcr~~r~trc~~rintr Ociti-ei hrFF0 uji iuyccrc- I~I- picortcarus scar Ho-pro S-npe en FFSV.-

..r i-ir ICAM-F usc' I1c 0re-l-i~c.c-arfluricaa A' rl, st-lr ed uscF FrLa c ells as
targets M--no1-ot1 acihodle io"M1 hiinted

i-ttc irt t ~ Iicic d c -r q 1ccc ir-ittact. icPE -idured ho pi ornav roses that hind to tFo

F- cit"a- tic Fir'tci- -clisci Fr n~itcici of cI- majorr, rhinoc'rus oeeti'osahgtu p Thcese so-
anitihodies hna d ~o e ffect o- picoicascecoes that,

- ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ -i. icFitcc~i ilh ~t~iic.a h to F -r a i hu crcirus receptor suhgroup cc-
uielato di-u rot-ptoi-s Acrofluodie, c-n Lysph-oyte
Funictlon Assac ated At'iger c I LFA-1) , the natural

cI'c . t pan ci ne Pc-r Ic (,A a id not icrihtt CPE
ctc 11 -d bv rhritio.ircro I,atigoct inco-d

"oc- s hbgcoupr oicc J d lymphoblastold
11l lirie as' iihii a t.d b a .icihu.dires t o I CAM-I Frt

cildit:r lo hi5l-, i,ii- cappmng of lSP,PF-l on J
c !is as d- Le v ccc~uoflcuroscece Th

F... cml a b
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IDENTIFICATION OF A SECOND CELLULAR RECEP- MOLECULAR GENETICS OF CELLULAR
SOQR FOR A COXSACKIEVIRFJS CR3 VARIANT (CR1- RECEPTORS FOR POLIOVIRUS
RD) K-H.L. Hsu, S. Paslini, B. Alstein, C.L. Mendelsohn, M. Morrison, M. Frecstadt & y.R
an-d N.L. Crowell Hahnemann Univ. Sch. of Racaniello*, Dept. of Microbiology, Columbca UniverSiy,
M~ed., Philadelphia, PA 19102. NYNYUA102
Coxsackievirus R3-RD (CR3-ED) is a host N. Y.UA102
range virus variant which will grow in The first event in polcovcrus replccatcon cx attachment to
human RD cells. It recognizes both a new a cell receptor To identify this receptor Rnd determine its
receptor (NR2) On RD cells and the receptor role cn viral tissue tropism, cONA Clones encoding
(HRl) for parental CRB3 On HeLa Cells (H-su functional poliovcrus receptors were isolated. The cDNA
et al J.Virol. 62:1647B, 1988) . CR3-RD also clones encode transmembrane polypeptides that are new
binds to a saturable receptor (HR3) on members of the immunoglobulcn superfamily Northern
human erythrocytes which is specifically hybrcdczatcon analysis indicates that poliovcruS receptor
inhibited by a monoclonal antibody RmcA, transcripts are expressed in a wide range of human
which also recognizes ffR2 on both HeLa and tissues. in Contrast to the limcted expression of virus
RD cells. Hela, RD and erythrocyte cell binding sites, which suggests that addctional factors or
membranes were soluoilized with detergents. modcfications of the receptor protein are required to permit
virus or antibody binding activity was polcovirus attachment. To identify the site cf polcovirus
determined in a filter binding assay QAO-
dot assay) tusirng S-la&baled 'C1-RD r I- attachment On the cell receplor, detet QnS of receplt
labeled RmcA as probes. The binding sites cDNAs were constructed which will be assayed for the
on all three cells for eittler probe were abclity to support pocovirus binding and cnfectcon. To
sensitive to 2-mercaptoethanol treatment, determifle the Structure of the receptor at the Cell surface,
but insensitive to trypsin. Solubilized trpE-polnovirus receptor fusion polypepttdes have been
cell membrane proteins were separated by synthesized and used for productcon of rabbct polyclonal
non-raducing SDS-poly-acrylamide gel elect- antc-receptor antcserum. To elucidate the bascs for the
rophoresis, blotted on nitro- irellulose ability of the fm21Lansing strain of poliovirus to intect mice.
membrae n rbdwt ihr SRR murcne genomcc and cDNA clones were isolated that ate
or I-Rm-A. A 60 kd band was identified homologous to human poliovirus receptor cDNA.
in HeLa cell (also had a 55 kd band),* RD Northern analyscs indicates that the murine homologue of
cell and erythrocyte membranes which wasthpoorstept iexesdin an mue
distinct from the 50 kd receptor protein thsses ploprmenetor a sexreserwa to deemcne whee
described previously for the HeLa cell HRI. tsusEprmnsaeudrwyt eemn hte
Supported by NIH Grant No AI03

7
11 the murine receptor homolog encodes poliovrus binding

sites
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THE ANTIGENIC STRUCTURE OF FOOT AND MOUTH W 'I O PINIANIJU', DIIUG-AtSISIANT M4UTANTS TO TARGET
D ISEASE VIRUS AND ITS RELEVANCE TO CAPSO tRGIONS IMPOIRTANT FOR Al IACHME NT AND UNCOAT ING
SYNTHETIC VACCINES IJI PIINIANAVIRUISES.
Dr. D.J. Rowlands, Wellcome Biotech, Langley Court, lRueckert, B.t. A. Heinz, D.A. Shepardt, and W.M.
Bieckenham, Kent BR3 3B5, U.K. I ce. lostitute for Molecular Vir-ology, University of

Wisconsin,' Madison, W1 53706 hSg.
The structure of fool and mouth disease llirus oI otiund block attachnet t ofhumran rhioovius

(FMDV) has been solved at a resolution of 2.9 A by T il)to et eel Is aprenIy by eforming
X-ray diffraction techniques. The overall structural specific region of the canyon ftoor when thre drug
organisation of the particle is similar to that seen in binds in in underlying pocket. Sequence analysis of
other picornaviruses but there are several unique over 80 mutants resistant to high (HR) or law (tR)
features. Many of these help to explain its concent rat ions of drug showed that HR nutations were
characteristic physical and biological properties. In confined to 2 posittins V1A8 ..nd C199 in SP1 arid the
particular the canyon or pit found at the surface of -bastitrit ions acre in..ariably bulkier side chains, the
other picornaviruses is lacking, which has important FA mutiatinns on tire other hiand occurred in a aider va-
implications for cell attachment and the process of rietv ot issi ions, all in the drug-deforoable region
infection. Also there are 60 large disordered of hPt on the canyon floor. All of the mutations,
protrusions at the surface corresponding to the major aithoit excettion, fell in regions involved in drug
antigenic site. This disorder is of particular interest bindting and virus attachment. IThese results suggest
in relation to the striking ability of linear synthetic thmat drugs which block uncoating, will be similar use-
peptidles to induce protective immunity against foot ful for targeting capsid regions involved in the RNA
and mouth disease. uncoatirig process. Effcts of drug resistance muta-

tises on attachment and uncooting will be illustrate(]
oilh single-cyrle growth curves and plans for site-dy-
rected uriagonsis nf targer sites involving attach-
vent and anroating will be discussed.
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Analysis of Coroatavirus M9V surface ANtIINIE STRUCTUtRE AND FUNCTION OF THE flahIvIRC fEN-
glyoprotein functions. VELOPE PROTEIN E.

F.A. Heinz-, C. Mandl, F. Guirakhno. H. Holarrann, W.
S.G. Aiddell, tuna. and C. Kuonz. lnstitutr if Virology, tloriversity
Ins itote of Virology, University of of Vienna, Vienna, Austria.
Wrzburg, 8700 Wtrzburg, .R.G. The envelope protein E is of paramount significance'

for the biology of flawuviruses since it is essential
The murine coronavirus NtIV-JHM has 3 for cell attachmentl and probably fusion and also in-
enurlope gO ycoproteins; the integral duces a protectioe teeronity a .rr natural infect ion or
membrane protein M4, the surface glycoprotein active immuinization.
S and the haemagglutinin protein HE. It is We have established a structural model of the tick-
knows that the M protein plays a role in borne encephalitis (Tlif) virus E protein that contains
determining the intracellular site of virus information on the organization of the polypeptide
msaturation. The S protein mediates chain aithin the protein arid correlates epitapes and
attachment of the virus to tissue culture antigenic domains to defined sequence elements. The
cells and is involved in the fusion of viral modecl is hosed 0n an epitope nap that reveals the s-
and c Ellul1a r membranes. The biological rological specificities, functional activities, ani
function of the HIE protein is unknown, topological relationships of 19 different epitopes
We have taken two approaches to analysing most nf ahich cluster to farm three major antigenic
the funct ions of the S and HEt glycoproteins. domains (A, It, and C). IThe structural characteristics
Firstly, we have produced and mapped of each epitope acre determined and the localizat ion
movnoclonal antibodies which recognize linear of individual ant igenic sites iwithin toe pririury amino
epi topes on the S protein and neutralize acid sequence wam performed by amino-terminal segiierr-
virus infectivity by either preventing ing of iemmune-reactive fragments and RNA-sequencing ot
attachment or preventing fusion. So far, we antigenic variants selected in the presence of neu rim.
have identified one domain responsible for liting monroclonal ant ibodies. Neutral izat ion escape
attachment and two separate domains involved muitants selected by monoclonal antibodies directed tin
in fusion,. Secondly, we have used the diff(ereol sites aere characterized with respert to
vaccinla virus system to overexpress to HE their ireuroviriulpnce upon peripiheral inociulat inn ot
protein. It has been possible to demonstrate ad,,lIt mice. Miitarnts -iht a sirrgle amino acid esehange
that this protein has both receptor binding withirn anrtigenir idomain 1t trnd almost coettletets lost
lhaemabsorpt ion I and receptor destroying their virulence. tHowever, the mutants repl icatedt un
tacetyl est erase) activities. These results thre nice mont induced A protect ive immrunity a~lit
will be discussed. periphieral ctnallerte with virulenrt virus.
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ThS4JN RESPONtSES W DENGUE VnIS. CURRENT APPROA=H To ThE pRoBEm OF pOLIO-
Francis A. Dinisd1, Ichiro Kuranel, Jack F. Bukcsskil, VIRUS ATTENUIATION
Wdo Yontnyl, Jut-and Janusl, Bruce InniS

2
, Ching-juh V.I.Jsgol. Inst. of Poliomyelitis. Moscow

ja2 Margo Brinton
3
, Michael Bray

2
, Barry Falgout 2  ~ Region. 142782. USSR

Bruce Inis
4

, ltnadsa tlislak4
, Suchitra NimannMitya * The attenuation of poliovirus is being

Anthony Mseager 6
. 1. univ. of Massachusetts medical investigated with respeot to the viral muta-

Ctr., l'brcester, MA.USA. 2. NIMOD, NIll, Bethesda, M-t, tiona involved and the peculiarities of the
USA 3. Georgia State Univ., Atlanta, GAu.USA. 4. poliovirus interaction with neural cells. The
AHFRIS, Bangkok, THAILAND. 5. children's Hospital, prinoipal attenuating mutations of the Sabin
Bangkok, TNAIAND. 6. NIBSC, Hert-fordshire, EN3. vaccine strains located in the middle of the

Tte ocxeplex inmunoregulatory responses to dengue 5 -untranslated region of the viral RNA were
virus are being defined using human lymphocytes, ehown to result in a diminished ability of the
rronocytes and sera from dengue Infected patients. RNA to initiate the polyprotein synthesis in
Patients with dengue have interferon gammta in their cell-freetsystems, suggesting the existence of
circulation at cocentrations which upregulate Pc a ce-acting trsnslat ional control element
receptors on human cranocytes to render then nmore far upstream from the initiating codon. The
susceptible to infection by dengue virus-antibody secondary structure of this element will be
complexes. Dengue-immune indlividuals have denguie- presented, as well as the results of Studies
specific nonrory C)4' and Cfl5+ T lymp~hocytes. Upon on its interaction with tranrs-acting host
stinul Lion during secondary dengue infection and late protein factors. Modifications of this
in printary infections, dengue specific T cells produce element as a possible way to create novel
lFWiy. 034+ and CD8+ T cells have specific cytotoxic attenuated poliovirus strains will be con-
activity against dengu-infected cells. NBW class I sidered. In the framework of the second
and II restricting elments present epitopes of approach to the attenuation problem, it was
noni-structural antigens to these T cells. Interferon found that the reproduction of the type 1
ganmia also increases expression of VWIN antigens which Sabin strain, compared to its neuroviruient
aids in recognition by dengue-specific cytotoxic T parent (Mahoney), in the cells of a human
lymphocytes. The production and biological activity of neuroblastoma line,was severely restricted.
other lymnphokines, e.g. IL-l, IL-2, 7WA~f and 1514 aVe Both attenuated and neurovirulent polio
been meaasured it, the aura of dengue infected patients. strains were shown to be able to establish
Trhese results form the basis of a working modxel of the chronic infection of the neuroblastoma cells.
immrunological regulation and pathogenesis of dengue Implications of these observations for the
virus infections, attenuation problem will be discussed.
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THE CAPSID OF POttOVIRUS DEPENDS ONiTE MYRnISTnYLATuIO Of VP FOR MOLECULAR PATHOGENESIS OF THEILER'S VIRUS
ASSEMBLY AND DLETEKIENES TE HOST R.ASK 0? HE VIRUS. e. Girand. INFECTION .

Dnltenasf*faniel Kai., Saniile Bichvbo. C ... a. Sipoboski H-oward Lipton ,Miriam Calenoff Faaberg. Roland Metzner
nd Sylo in d, Is Wrf. Labnratory of Mtolecular Virology. adSeeMlc

Inoti _ Pastur. Parts. Franc ndSev.ile
Northsestern University Medical School, Chicago. IL, 60611 USA

mtuatons teeinrduced by nttgonaotsottd.sstte exchange The Theiler's marine encephalomyclitis viruses (TMEV) arc
or ie-drecred antegonest. of peltowten. type I 11-v-1) eDXA in entcric pathogens of mice and members of the cardliovirus sub-
the canton nodtng fnr tb. vtral reaid precursor Pt. Tb. properttes
of bhn resling mutant. .- studied in nina upon teantor nt group tn the Picornavirus family. :wo TMEV virulence groups
prests cetts. Mutatins Gty-p Ac. Ata--VPrn. and Ser-IpPcn In exist: (1) Highly nirulent strains which produce a lethal
t he N -termtnal seqvence Nfitt).Stly.Ats.G.CtV.al. Sr. or P-I prevented encephalitts in mice, and (2) Less virulent strains which cause a
nhn myritoytatton nf VP4 and wrc lthal fnr viras growth.fles.
cutat, we found to &rtse spontanosly tn the trariafonted ealt persistent CNS infection and chrontc demyclinating disease. The
nottores, all abusd a restored cnnssa myritoytatis sqoenna demyelinating process is immsne-mediated and results from a

'Ig Gya poetn t,,. at.. S. Th, on 1.. at poition I and virus-specific, delayed type hypersensitivity (DTH) response
se. Th or al n tio ) Lank of *yrisioyltinn did not rather than from autoimmane reactivity against CNS antigens or
Prevnt replication nnr translation of th. vtral Rib. sor prnnessitng cytolyttc infection of myclin-maintaining oligodendrocytes. Thus,

viP.Ti o~sts that1 cyotstoyltiotn in -64dn at a relativety ifcin yta iuetTE rvd eeataao o
lat: ltg.o vittnrion assebly and/nr for napoid stability. ifcin yls iuetTE rvd eeataao o

Munatinna of VPt ain avids Peng$ (- Asp). Se9 l-aPrs) and the human disease, multiple sclerosis.
Thr.A.n.Lys.Asp 99-t02 (19Lya.AJ.At..e).. cst.d is th. creatinn Using doable-immunoflorescent staining of CNS tissues and
of a PV-t/PV-2 chimaerie ies.s nitb oin amtn. avids fesetba P'I-2 Percoll-gradient isolated CNS mononaclear cells. TMEV was
ssqaanc*. Thia vieus no. nrvierotsatn fee miie. ttamaa sno

" ro.. Ovo id be abolisd by singles.itatiae. of residues Asp93 found to persist primarily in macrophages. Only 12"X
(-4Glp;Asnvoatt. Asp95 (-bG5y,Aae), Lysiti ( 9Asn. Ct.). nr t~uIOS macrophages are infected and only 15 F0 are produced/ceil
(-Nrcill. orby tbs doubtesiat.tann ef Lyafi (--VThel and Sa-t02 The kinetics of this persistent state will be discussed

l-ap) (n nlotbrstion nith T.Cnud.re. S.Crainie serd .kalol. To map elements on the genome responsible for pathogenetic
Othr pnsstbte combinaiions ara under study ts determise VPI amino

avid Positions vritical for coo.. nourooirotc.. The substitutin properties, fall-length cDNA clones of two prototype TMEV
ofItssn ssqs of V -i-s acid 91-102 ct 4 a -aais in. strains were constructed in the bacterial plasmid pGEMI. BHK-21

avd s~sns n m steedsst. asdtL , sc b cells, transfected with RNA transcripts made off the 77 RNA
stabi :l of ib npad o tha vtittnthaie.nbi promoter from either the highly virulent GDVII virus clone or
p,slttin cnoudsereithdfed baisnrno. unkivaacns. the less viralent BeAn 8386 viras clone produced infectious virus.

sIn a ith* Sbln ;ai actoe ir The progeny viruses have the same phenotypic characteristics as
an~cr~v1a'd I., I Pt I*- tainthe parental strains. Chimeric recombinants between the genomnes

of the two virulence groups have asa been coestracted RNA
transcripts of chimera representing mines of the major genomnic
regions yield infectious virus upon transfection. The phenotypic
properties of these chimeras will be discussed.
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STUDIES OF AU1'HAVIRUS VIRtULE5CE USING FULL.LE5Oflt CLONES Or ENTEROVIRAL HEART DISEASE
SI5OI3IS ANDVENEZUELAN EQUINE ECEPALI1ISVIOUSES R. KANDOLP', P. KCIRSCHN4ER, H. SCHONiCE. K. KLINGEL,

Lt.Jbnutanl.N.L.rns.4..M.PII..LO.-soU
1
O.F.nc 

t
.W.J. A. CANIJ, J. MERTSCHfING, El. ZELL, P.M. HOPSCBNEIDER

Mzyel,D. C. Flyn
1

. LWtlItlausdJ.F. snoh
2

. lUramsyufotorCarons. kEPt far BiocheMle, D-8033 Martinaried, PRG

Chapel liii. N.C.ssd
2

l. S. Army Oesueh(s.teoflf.1edoo...es. To date, there is firm evidence from is situ hy-

Fedr.tch. Md. bridization that enterovicus infections of the human
Attsuusgmuaocsoftodbsanvccafleeeden~ldatttele~usheart lead to a significant number of patients preaen-

vfpozoetloespsputattoos herpid penstssosfolKcellaoeeelsase ting with clinical signs and symptoms of myocarditis
sicuiemlaattesy trooo) naisoodes (MCAbI. The mutatosssweeidentified and/or dilated cardiomyopathy. In patients with dila-
by ssqucog. mtd the phenotypes ofae-erssuch sutaartai - rntm~edhy ted cardiomyopathy of recent onset, the meat dramatic
tnaneng them Into ful-lzoglthrclones. An AG for5ER subsitutio tE2 osdnu manifestation Of myocarditis. the incidence of nyocar-
114 in StsdhstInianAR339 (tknsstnsIn -Wlfltsen - t-l- w) rofd dial infection was found to he about 30Z. Moreover,

.utenuou(btloraega- ctouo.cn. rpid penetsuos and -nced .-oteey enterovirus alNA was not only found to he present at as
tnnestalutzon, byu, stogie class ofOEcAb. those oonegrurrtg the E2. nnngestr early otage of the disease but also in chrooic dilated
s1te. The sen of E2,c MCAb reistut etutunOdicated that nutuocos zt cordiomyopathy, indicating persistence of the virus in
E2562.596. 11 T 159 afcRted bhndcoier- -WE2ttlMCAb socttPysUggsng the human heart. The concept of viral persistence in
thsat these residues aeeon-tnentof-neprtog-i. tdettttstttgd~natoon chronic diluted curdiunyopathy is substantiated by the
thelSutdhs glysnpetetnspike. E2 62 nd t2 11ttatsslurred penceusn finding of enterovirus persistence in f:llow-up hiop-

oseelluso-u ere. Therefore. cseleoohrapid peneieaosend stieuu sies of patients with ongoing cardiac disease. Another
could be e pluiced by the prescr of oveebpporg pathogennasand pectrnatios important finding was the detection of viral PlNA in
durts teuddtountutvutaonsnt,Et .nutason.sendsa-ad2j? interstitial myocardial cells as well as is myocytes,
sadflectedctnilrncreuncsnout eue. MotantaeofS.Alto(andhtosicai which agrees with our previous in vitro findings in
ctrlestinsdui. wc-a-ta..asoect. sehcbrcs ed E2cdcs tIereSfl cultured human heart cello and persistently infected
toASN. eeteda.new glyoeyLattcsttand peetd PE2clacat. The human myocordiol fibroblasts. In addition, antisera
eeiu, nrfcoontstd Fflatthe, ittnnE2. ve r.pldly peneztlga-d rie raised against bacterially synthesized coxsachievirus
uttenuatedtcIn uutuadto, nowyeizthertetW rretett. ttaptidly B3 proteins ore inscribed, which revealed a brood

poctutra. ttrutd utnt d~ asoteretoiae uitaeucr A spectrum of cross-reactivity within the enteroviruses.
rOI coneofthetE grnce iueroctrictd uchtht ofeosu tE WitThe Use of this antiserat in combination with in situ

trersceytrol~terterrferetrclcerhlngtuttrnonnointthybridization still allow the question of whether re-
uyocrutlltctstct trurte ttsnoreoftnrrui tevcuttcuuo~scricted replicatuon is implicated in persistent fo rms

rntrnainto tthr drt. buth Itrddlly aod to cerhicts iord, the hope o of encerovirus-induced cardiomyspathies to he answe-
germngnff-utcc ucuted VEPt--crtnrrtdidutrth lo eI o-f red. Furthermore, the use of the polymetase chain re-

inrorolu to trolnre.action technique provides a powerful means to study

the molecular basis of persistent enterovirus infec-
t ion.
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REFINEMENT OF THc SATELLITE R ;A 'IF CCUMBCO MOSAIC TiE ROL OF MPCI.~ftIR EPMEM[OtOY IN afPIFC OF MhE
V1RUS FOR lSt IN THE CONTROL OF V1RUS INFCTIONi. GISA PRA 1M ar L POUC(5fLMS.l
David Oaulnorebe', Mactorne jangle-, Maertune Inoun. Oen M. Kew. Division of Viral Diseases, enters for
Sainsbury Laboratory, Colney Lane, Noruorti, 034 711, Cf Disease Controle Atlanitae CA 30333 tEA.
''fy13 Cambridge Laboratory, Camebridge, CB2 220, If Wild poliowinim Infectios paralyze nearly 230,000

Wehvesow reiusythat transgenoo plants are Udred mad year. The World Health Ort~iz-atimo has
e ave howineon b u ubrmoacvruyCV init-latal a globial domasinizatios program for eradicattirs,

rfteepe sssa to e infeo te RNA cuume renau vtirs CM)all natural transission of wild poliavirsts by the
iftY hy topres the bssaoftelie resisofnce is tyaYa 2000. Impotant Strides toX~ardS tsiai goal heave

thouht tat te bais o theresitanc is artlba m attained ine Uhe Amzericas ared Drrgt, aend in ports
competition between the satellite RNlA and the helper of Asam andA Africa. laboratory azflxmt is essetial to
virus for rephrcase eneyrees and partly interference of ri1- eradjcmrjm prcgra, tjO~diq cartical data .e the
the satellite RNiA with the processes uhoch lead to prpalat-ias at isighest risk for pohioviorn infection,
symptel formation. Use pattens of opedof wild poldovesuses, and tlse

In principle, espressos of satellite RNAt on trios- isizetitSet of resevoirs, &itaini traestaisnim of
genic plants uS a highly effective strategy for control stld VlzeSueS. To Montor the di filsztla, of wild polio-
of viral infection. It osnsot secessary for the trios- viruses, w have deteirnira thee geneytic: relaticisheips,
genic plants to produce new proteins. Furthermore, among isolates fran ret cases by partial sequsencing
because the espressed satellite RNAt us replicated by of their IM gnce. Sino paliovirus gcm evolve
CMV, there is effective resistance even when the rapidly, Wte Can estimate the prccimity Of epideiolrtgic
inoculum is very concentrated, or when the satellite linkt amng cases and oatbreo bey detecmlnifzq the
RENA itself is espressed at a low level. However, there geitic -g-w relatanis among isolates. Vinaso
are also disadvantages. We have shows that the shrtl -5 of Useir rorleatide sequnces Were csid-
eapressed.satellite RNA3 con be acquired by viral ec-si to be membrs of a single genoetype, derived from a

cultr tansittd ot o thetrasgeic lans cmme aneta. infections. Miany distinct gencitypen
nultresand ranmittd ot ofthetrangenc plnts(all dec- nenotypes), haviregegraphially defijal

to non-transformed plants. This is undesirable us, on cugiawi of endeicity, coexcist worldwide. IUnotbigen
some forms, the satellite RNAt cn induce severe len oetr!ae ae r b r h iI

sympoms.East* Dhrope, North mein-ia, aend Smith America. The
As a solutiono to these problens we have identified genetic mseqec information ham been agalled to the

functional domains in the molecule so that non- dersign of synthetic ohigtnrlwtide pcj of pre_
esseotial regions can be deleted in a disalled form of determie specificites (escoine,- or wild gentype-
the satellite RI:A. specific), peeneittijeg muveillAr~e for wild genotypes

by simpnle, modie diagyotitc tests..
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RATIONAL DESIGN OF ANTIPICORNAVIRAL AGENTS. REDESIGNING POLIOVIRUSES FOR VACCINE PURPOSES. J.W.

Mark A. McKinlay, Sterling Research Group, Rensselaer, Almond, D.J. Evans, K.E. Burke, M. Ferguson, P.D.

New York 12144. Minor, M.A. Skinner, C. Young, J. McKeating, 0.

A novel class of antipicornaviral agents discovered Jenkins. Department of Microbiology, University of

by the Sterling Research Group have been shown to in- Reading, U.K.

hibit the replication of a broad spectrum of human
rhinoviruses and enteroviruses in vitro and prevent With the objective of developing improved polio

enterovirus-induced paralysis when administered orally viccines and oral vaccines against other diseases, we

to infected mice. Initial mechanism of action studies have used site-directed mutagenesis to modify the ge-

demonstrated that these compounds blocked uncoating of nomes of the Sabin vaccine strains of poliovirus types

rhinovirus type-2 (HRV-2) and poliovirus type-2 via a I and 3. Studies on type 3 have concentrated on modi-

direct interaction with the virion. In the absence of fications of the 5' non-coding region based on a se-

data on the molecular details of the binding site for condary structural model derived by computer modelling

these molecules, conventional structure-activity rela- and biochemical analysis (Skinner et al. 1989). Our
tionship analysis was successfully applied to the de- results suggest that both the primary and secondary

sign of compounds with improved potency and spectrum structure of the 5' NCR can influence the neuroviru-

of activity, following the elucidation of the binding lence of the virus.

site for these compounds at atomic resolution within Our studies on poliovirus type 1 have concentrated

rhinovirus type-14 (HRV-14) by the Purdue group headed on modifications to antigenic domains. We have previ-

by Michael Rossmann, it was for the first time possi- ously shown (Burke et al, 1988) that type 3 antigenic

bIe to begin true rational design of compounds with domains can be correctly expressed on the type 1 par-

enhanced potency. The x-ray structure revealed that ticle. We have extended these studies to antigenic

the drug binding pocket was predominantly hydrophobic sites 2 and 3 and have introduced antigenic domains
in nature, and design efforts have been directed to- from heterologous viruses such as HPV-16 and HIV
wards compounds which would increase hydrophobic in- (Evans et al. 1988). The antigenic and immunogenic
teractions through filling empty space in the pocket. properties of these virus chimaeras will be discussed.
Ihe conformational changes induced in VPT following

compound binding were found to extend to residues References:
within the floor of the "canyon", or proposed cellular Skinner, M.A., et al. (1989) J.Mol.Biol. (in press)

receptor (ICAM-1 binding site. Subsequent analysis Burke, K.t., et al. (1988) Nature 332:81-82.

showed that HRV-l4 and other major receptor group rhi- Evans, D.3., et al. (1989) Nature 339:385-8.
noviruses enamined are all inhibited in their ability

to attach to the cellular recentor, thus providing
support for the canyon as the receptor binding site.
Minnc rerceptor group virus examined thus far, includ-
inq IRV-A, are not blockd in attachment, and are all
presumably inhibited at the Uncoating step.
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SEQUENCE ANALYSIS OF THE GENOME RNA OF LACTATE INSERTION OF UBIQUITIN CODING SEQUENCE IDENTIFIED
DEHYDROGENASE-ELEVATING VIRU§(LDV) . IN THE RNA GENOME OF A TOGAVIRUS
E.K. Godeny and M.A. Brinton , Georgia State GREGOR MEYERS-, TILLMANN RUMENAFF AND
University, Atlanta, GA, USA. HEINZ-JURGEN THIEL

LDV was initially classified as a Federal Research Centre for Virus Diseases of
togavirus on the basis of its morphology and Animals, D-7400Tubingen, Federal Republic of
genome type, namely a single-stranded RNA of Germany
positive polarity. Further characterization
of the genomic RNA revealed that it contained Pestiviruses, currently classified as toga-
a 3' poly A tract as do the genomes of other viruses, are positive stranded RNAviruses which
togaviruses. However, in contrast to represent causative agents of severe animal
togaviruses, no subgenomic viral mRNA has been epidemics. Comparison of the genomic sequences of
observed in LDV-infected cells. Randomly different members of the genus pestivirus, in
primed cDNA obtained from the genome of the particular two bovine viral diarrhea virus (BVDV)
neurotropic LDV isolate, LDV-C, cross- strains and a hog cholera virus (HCV) strain, led
hybridized with the genomes of other LDV to the identification of strain specific in-
isolates, but not with the genomes of an sertions in the BVDVgenomes. Such insertions
alphavirus, rubella virus, a flavivirus, or are not present in the HCV sequence. The amino
cellular rRNA. Sequence information obtained acid sequence encoded by the insertion of one
from cDNA synthesized from LDV RNA indicated BVDV strain (Osloss) and the conserved animal
that the sequence of the 3' terminal genomic ubiquitin sequence are almost identical. For the
region is highly conserved among different insertion in the genome of a second BVDV strain
isolates of this virus. However, the LDV 31 (NADL) homology to a host cellular mRNA was
terminus does not contain highly conserved demonstrated by hybridization. The nucleotide
sequences or RNA secondary structures sequence of a cDNA clone derived from cellular
characteristic of the 3' termini of either the mRNA exhibits 99% homology to this BVDV in-
togavirus or flavivirus genomic RNAs. sertion. These findings which can be explained
Additional information obtained upon by an RNA recombination process between viral and
completion of the LDV-C genome sequence host cellular sequences add a new aspect to the
analysis and the mapping of the virion evolution of RNAviruses. In addition they lead
structural proteins will determine whether LDV to a novel model for pathogenesis of a persistent
should be reclassified as a new family or pestivirus infection.
remain within the Togaviridae.

03 04

ASSOCIATION OF ALPHAVIRUS REPLICATION WITH THE DEFINED MUTATIONS IN THE POLIOVIRUS CAPSID PRO-
CYTOSKELETAL FRAMEWORK AND TRANSCRIPTION IN TEINS CAUSE SPECIFIC DEFECTS IN RNA ENCAPSIDATION,
VITRO IN THE ABSENCE OF MEMBRANES. RNA UNCOATING AND VPO CLEAVAGE.
D.Banon, D.Sawicki. S.Sawicki", Medical College of Ohio, USA Karla Kirkegaard* and Susan R. Compton, Department of Molecular.

Alphavirus (Sindbis or Semliki Forest virus) RNA synthesis Cellular and Developmental Biology, University of Colorado, Boulder,
occurs in complexes that are composed of the viral nonstructural CO. USA 80309.
proteins (nsPs), viral RNA templates and possibly associated host We have constrcted, isolated and characterized two poliovis
factors. These replication complexes are associated with the smooth mutants, VPI-101 and VPI-102, whose phenotypic defea am caused
membrane fraction of infected cells. An obstacle to the purification by two different small deletions in the amino terminus of VPI. The
of alphavirus replication complexes has been the inability to remove lesions were Introduced by a random deletion mutagesis procedure.
the membranes and retain the RNA polymerase activity in vitro. lei erinus of • rsoletin te rede .
Because treatment of the membrane fraction with detergents releases The amino teminus of VPI is unresolved in the three-dinensiooal
endogenous RNases, it proved difficult to assess the polymerase structure of the poliovirion, but is known to be buried within the vition
activity of detergent treated replication complexes. We developed a and is likely to be interacting with the viral RNA. Both VPI-101 andmethod to measure the polyrerase activity of detergent eoated VPI-102 show a diminished ability to enter CVt, but not HeLa. cells.membranes that dud not depend on measuring the incorporation of Neither the rate of binding to cells nor of subuequent "alteation" of the
radioactive precursors into the single-stranded RNA products of the mutant poliovirns is affected; the defect in cell entry can be traced to
viral replicase. Using this method we have obtained from the a lower rate of uncoating of the viral RNA in the mutant viruses on
smooth membrane fraction (l.16g/cc) of infected cells membrane- CVI cells. Although the phenotype of VPI-101 can be amply
free replication complexes that synthesize in vitro viral RNA. explained by this single defect. VPI-102 displays an additional
Removal of the lipids with Triton X-100 and deoxycholate caused biochemical deficiency. In VPI-102-infected CVI cells. 75S empty
the density of the replication compl.%:es to shift from 1.16 g/c to capsids and 14S intermediates accumulate. but 135S "provirions or
1.25g/cc. The membrane-free replication complexes retained at least 150S infectious viions are not observed. Thus, only those subviral
80% of the polymerase activity associated with the membrane structures that do not include viral RNA are seers. We suggest that the
associated replication completes. Although membrane-free, the mutation in VPI in VPI.102 affecta RNA encapsidation as well us
detergent treated complexes co-purified with the detergent-insoluble ucoating, and that these two related procese both involve the amino
cytoskeletal framework. lmmunoprecipitation with monospecific terminus of VPI. The temperature-sensitive defect of another
antibodies (gift of R. Hardy and J. Strauss) identified nsPI, nsP2. poliovirus mutant. VP2-103. is caused by a single nucleotide substitu-
nsP3 and nsP4 in the lipid-free fraction. Therefore, alphavirus ton in the VP2 coding region. At nonpermisive temperatures, tO0-
replication complexes do not require lipids for polymerase activity fold fewer infectious virinm are observed. Instead. suctuaee sedi-
in vitro and appear to interact with the cytoskeletal framework of menting at 135S that are in every respect Identical to the elusive "'pio-
infected cells. virion" are produced. Furbermore. the peoteolytic cleavage of VPO, a

reaction that ha been postulated to be autopeoteolytic an RNA-
dependent, Is not observed at high temperatures in this mtant. We
suggest that the primary defect of VP2-103 is in VPO cleavage.
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ANTIVIRAL COMPOUNDS DISTINGUISH BETWEEN TWO SUBGROUPS CHARACTERIZATION OF SEQUENCE VARIATION AMONG

OF RHINOVIRtJSES WITH DIFFERENT BIOLOGICAL. PROPERTIES ISOLATES OF RNA VIRUSES: THE DETECTION OF MISMATCHED
Koen Andries*. Bait Dewindft, Jerry Snooks, Henri Moereels, Paul J. Law, CYTOSINE AND THYMINE IN NA. DNA HCTEROOUPLEE BY
Janssen Research Fourndation, Beerse. 8-2340 Belgium. CHEMICAL CLEAVAGE

Avariely ofChemicalydfeferet ompounds inhibit the replication of R.G.H. Cotton and P.J. Wright*
several serotypes of riinoviruses (common cold viruses))

t
). We noticed Murdoch institute, Royal children.. Hospital,

lhat one of these compounds, WIN 51711, had an antiviral spectrum Farkville, Vic. 3052, and Dept. of Microbiology,
clearly distivctive from a consensus spectrum, identified for ofther capsid- Monash1 Univ. Clayton, Vic. 3 tf8, Australia.
binding compounds. On the other hand, mutants resistan to 1 R 618637, An end-abelled~ eDNA probe Of known Sequence was
an antiviral pyndazinanfe, were shown to be cross-resistanf to all other prepared from the PIo-2tN isolate of dengue virus
capsid binding compounds, inrcluding WIN 517110). This indicated thaf typ 2IDEN-2I and Used to form PNA.ONA hataro-
compounds although sharing the same binding sife could have different duplexes with viral NA of two other DEN-2 laniatast,
spectra of anit viraf activity. namely New Guinea C and 080-100. The nuaLCic acids

A systematic evaluation of 15fknown rhinovirus-capsid binding were Specifically cleaved at mi."atoned cytosine and
comp4ounds against all serotyped rhinoviruses was therefore iliiated. tpiahseflo~gtatatwt yralan

Mulivariate analysis)
2
) of the results revealed the existence of a major and and" ase s ftat -1sida raet. wiha po-inte o

a minor "oa Subgroup of rhinovirusvl. exhibiting differential cleavae in thea anl-larballed DNA probe were located
susceptibildty to antiiral compounds and suggesting the existence of a by aleetrophoregig of tha hae roduplaxseample.
dimorphic binding site.thohdnaungglinpale wthsnar

The observed relationships betwesn serotypes (regarding their throg anaturntgl E inaroftheael w robe S tan a

antiviral susceptibility) turned out to be highly correlated with sequence Kiammaai ilabagt raton sa ofi thi std irbe Tof

data)
3
) of amino acids, not only of the putative binding site (17 aminio qchea pica tio clavg m tha uetdy on vris ton in f

acids) but also of VPt (280 amino acids) and even of other genome gnrlapiaint h td fvraini h

regions. Rhinoviruses belonging to the minor f5cegloc subgroup aff nuootide sequences of NA vim,.,a. Provided
cluster in the major drug subgroup. Furthermore, we found convincing appropriate eDNA probes are available, *Significant

evidence to allow for the conclusion that serotypes belonging to the regions of a ganne can ha specifically targaattad
major drug subgroup produce more than twice as many clinical infections for analysis. in come instance.. such as
than viruses belonging to the minor drug subgroup. epidemiological survey., a '"fingerprIn t. of

() Andries. K., tiewindt, B., Snoeks. J. & Wiltebrords. R. Arch. difference for a region using a probe of on. sense
Virot. In the press. (2) LewviP. J .Chemometrics arid Intelligent Labortoy Only my ha sufficient. Altarne tively, aore
Systems, S. 105-116)(1989). (3) Palmelberg. Ann C. in Mleclar detailed inforstion can be obtained using DNA
aspects of picornavirus infection and detection (Ed.: B. Senmler and Elly Probes of hots oenes. against Positive and negative
Esreneld) 211-241 (Am. Soc. Microbil., Washington D.C., 1989). atrand RNAR.
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STUOIFS ON THE MECHANISM OF READTHROUGH SUPPRESSION IN FOOT-AND-MOUTH DISEASE VIRUS PROTEASE 3C
MOLONEY MaLV. INDUCES SPECIFIC PIICTEOIXTIC CLEAVAGE OF
A. Rein", Y. -X. Feng', J.G. Levin', 0.L. Hatfield', HOSJ CELL HISTONE H3
T.S. Schaefer', R.J. Gorelick', 8R-BRP, NCI-FCRF, Macchias M. Falkc , Pablo R. Grigera2, Ingri
Frederick, MO' and NIH, Bethesda, MD' USA E. Oergmsann2 Gerd Muithaupl, Andree Zibert

In Mofoney (Mo-)MuLV. an in-frame UAG termi nation and Ewald Bocki

codon separates the gag and poi genes. -9S% of the 2 7entrum fur Holelculare Biologic Heidelberg
translation products end at the (JAG but inthe (ZMBH) INF 282, 0-b9i0 Heidelberg, FRG
remJiing S% the UAG is read as Gin

1
f. We have studied 2 Centro do Virologia Animal (CEVAH()

the mechanismt af readthrougm in Mo-MuLV, using bolh Serra;,u 661 (1414) Buenos Aires, Argentina
in vtrotranlaton ad eperient in ivo We indIn fl,(t-and-mouth disease virus (FM.DV(

in) citotranstio a n iuepret, th e fuprs ind infected cells disappearance of the nuclear
medicontray toral priaserta, theusinpresdfon Protein histone H3 and the simultaneous appea-
medieted byamn nrtarNathrta fas dcdo rance of a new chromatin associated protein

altre fltmn RA (2) Mutants Containfng UAA or ~ re innb bevd ehv eune
UGA in place of (AG are also Suppressed, both In vitro e d Pmi =arninus ofser nd W ear y shovened
and in vivo, and are fully infectious, Thus, 131 amn er mive s of hi nd clerl byprtowyed

naetlin els onan RHs apbl o iurting, .1 ?:v e The It N-term inal amino acid residues
amino acids in response to UAA and UGA as well at lAG, ar sr ific trally Cleaved off early during
and the signal required for UAG Suppression ts also v.tc nadionung n .yj. rns
effective for the other two Stop codons. Wfil e !rivivinn. Irnsaddtion assyg ait difrentrans-

sapeso fUAi elknown, mamalian Jon-vs We showed that the histone H3 - Pita-
Suppression of UAA haa only been docamented it' Ore ariri.clsdbe PifD 3 p ra

othr ase(Sndbs iru).We are now attejttf* ta whicir until now has only been found to be
identify signals involved in Suppression. COsWiser r S pu-sible for the processing of the viral1
analySIS Suggests the ellistence Of several stem.',. Poxyprotein. The 3C protease is the only FMDV
structures near the UAG in Mo-NuLV RNA, hut o- Protein required to induce this histone H3 - pU
experiments to date have not show' any oF tf~ee to be transition. As the deleted part of the histone
Sufficient for sUppresstion We aire also atttetsplt'a a ( HI corresponds to the domain presumed to be
identify the amino acids insertzd in' rasco' :c t -'involved in the regulation of transcriptional
and ((GA. active chromatin in eucaryotes, it is postula-

I. sesisen n.es 5.,nas sasisiea. se,,ted that this specific cleavage of H3 is a
2.Kesbs 0. as s.,5AP #4:2406-2672, 1ue. mehns wic FDV uiss to wth of

ti.6 . - I~e -. . ,s 631a)I-1337. lap*mcaimwihns uiie osic f

r.,-*sasnd bn tho act met., W.nee a ,v host cell RAsnh i, as s reo-e fr
59.otin 5.ss,.. ta.).Picornaviruses.
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ANALYSIS OF A SECOND PROTEASE IN HUMAN CHIMERIC HEPATITIS B VIRUS CORE PARTICLES CONTAINING

RHINOVIRUSES DENGUE-2 ENVELOPE PROTEIN EPITOPES INDUCE DENGUE

T. Skern", M. Zorn, W. Sommergruberl P. VIRUS NEUTRALIZING ANTIBODY

Volkmann
1

, I. Maurer-Fogy
1 , 

F. Fessl
i
, P. G.J. Chang, D.W. Trent, A.R. Hunt, A.J. Johnson,

Pallai
2
, J. Merluzzi

2
, 0. glass and E. J.T. Roehrig, and B.E. Clarke

Kuechler. *Institut fur Biochemie, Wahringer Div. of Vector-Borne Viral Diseases, Centers for

Str. 17, 1090 Vienna, Austria,
1 

EBI fOr Disease Control, Fort Collins, CO and Welcome

Arzneimittelforschung, Or. Ernst 0oehringerg. Biotech, Kent, U.K.

5-11, 1120 Vienna, Austria and 
2
Boehringer Defining major Sacunodominant regions of the

Ingelheim Pharmaceuticals, 90 East Ridge, dengue (DEN) virus envelope glycoprotein has

Richfield, Connecticut, USA. facilitated development of flavivirus subunit

Evidence is presentern that the protein 2A vaccines. Immune responses were elicited with free

of human rhinovirus serotype 2 (HRV2) is a synthetic peptides derived from the amino acid
protease. On expression of the VPI-2A region sequence of the DEN virus envelope glycoproteln

of HRV2 in bacteria, protein 2A was capable of administered in Freund's complete adjuvant. However,

acting on its own N-terminus. Deletion because the immunogenilty of the free peptides was
experiments showed that removal of 10 amino much lower that of the whole virus, we constructed
acids from the carboxy terminus inactivated the chimeric hepatitis B virus core particles (HGcAg)
enzyme. Site-directed mutagenesis identified into which DEN virus envelope protein epitopee were
an essential arginine close to the C-terminus engineered into the ameio-terminal end of the core
and showed that the enzyme was sensitive to protein. Six DEN-2 amino acid sequences, repre-
changes in the putative active site. This senting antigenicelly important epitopes In the RI,
analysis supports the hypothesis that 2A R2, and R3 domains of the envelope protein were
belongs to the group of sulfhydryl proteases, engineered into HBcAg. Outbred and inbred mice
although sequence comparisons indicate that the immunized with purified chimeric HBcAg produced
putative active site of HRV2 2A is closely antibodies that reacted by ELISA with DEN-2 virus
related to that of the serine proteases. and synthetic peptide equivalents of the inserts.

Antibodies produced to the chimeric particle which
contained the DEN envelope sequence from amino acid
35 through 55, neutralized virus infectivity

in vitro. DEN virus envelope protein epitopes
' -ted on the surface of the HBcAg are extremely
immunogenic and potentially useful as subunit

vaccines for prevention of flavivirus dise:ve.
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PROPER PROCESSING OF DENGUE VIRUS NONSTRUCTURAL GLYCO- DEFINITION AND TRANSLATION OF THE FLAVIVIRUS
PROTEIN NSI REQUIRES THE N-TERMINAL HYDROPHOBIC SIGNAL POLYPROTEIN

SEQUENCE AND THE DOWNSTREAM NONSTRUCTURAL PROTEIN NS2a E.G. Westaway*, G. Col, 0. Speight and C.R. Parrish.
B. Palgout, R. Cnanock, C.-J. Lai*. LID/MIAID, Dept. of Microbiology, Monash University, Melbourne,

Marl. Inst. Health, Bethesda, Maryland 20892, USA Australia.
Expression of dengue viral gone products involves The single long open reading frame of the

specific proteolytic cleavages of a precursor polypro- flavivirus genomlc RNA codes for a polyprotein of
tein. To study the flanking sequences required for ex- Shout 3400 amino acids. By nucleotide sequencing of
pression of the dengue virus nonstructural glycoprotein cloned cONA of Kunjin (KUN) virs end N-termunal

NS1, we constructed a series of recombinant vaccinia amino acid squeneing of Infected cell products, we
viruses that contain the codin sequence for NSI in nave positively Identified all the encoded

combination with various lengths of upstream and down- polypeptides and defined the gens order
stream sequences. The NSI products expressed by these 5'-C.prM.E.NSI.NS2A.NS2B.NS3.NS4A.NS48.N$5-3',
viruses in infected CV-S cells were immune precipitated including the boundaries of all 10 gene.. The

and analyzed by sodium dodecyl sulfate-polyacrylamide C*prM4E cleavage. occur vie a signal peptidas*. The
gel electrophoresis. The data show that the 24-residue remaining cleavages occur at two consensus sites

hydrophobic sequence preceding NSI was necessary and cooo to all flevivirusee: Vel-X-Ale+ preceding

suffiiient fev the production of glycoeylated NSI, and NS1.NS2A and N54B, cnd a site containing two basic
that this sequence was cleaved from NSI in the absence smno acids (defined originally by C. Rice and
of nost dengue viral proteins. This finding is con- colleagues) preceding NS2B,NS3,NS4A end NSS. The
sistent with previous proposals that this hydrophobic proteaees remain unidentified.

sequence serves as an N-terminal signal sequence that Recombinant vaccinie viruses (recV) containing
is cleaved by signal peptidase. The cleavage between KU virus gene. expressed the structural proteins prM

the C-teOrinus of NSi and the downstream protein NS2a and E and the nonstructural proteins Ne1,MS3 and NS5
occurred when the complete NS2a was present. Recombln- (shown by Lmunofluorescence). The single gone
ant viruses containing NSI plus 15 or 49% of NS2a pro- products NS3 and 555 were each radiolebelled is cells

duced proteins larger than authentic NSI, indicating infected with the corresponding recVs. Multigene

that the cleavage between NSi and NS2a had not o- expression from eDNA of 543 -NS5 as detected only

curred. Failure of cleavage was not corrected by co- e a full length labelled product in plyacrylaside

infection with a recombinant virus capable of cleavage. gels. Radiolabelled % was cleaved correctly when
These results suggest that NS2a may be a cis-acting expressed from the CLMA sequence C-&NS2B

, 
either in

protease that cleaves itself from NSi, or NS2a may pro- recVV infected cells or during is vitro translation
provide sequences for recognition by a specific cellu- from SP6 poiymeras transcript, with cembranes added.
lear proteaes that cleaves at the NSl-NS2e junction.
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LOCALIZATION OF NEUTRALIZATION EPITOPES INTHE GLYCOPROTEINS OF SINDBIS VIRUS BYANALYSIS OF ANTIBODY ESCAPE VARIANTSEllenG. Straussl °, Alan L Schmaliohn2, David S.Ste 3 and James H. Strauss1; IDiv. of Biology,Calif. Inst. of Tech., Pasadena, CA 91125;2 Virology Div., USAMRIID, Fort Detrick FrederickMD 21701; 3Dept. of Micro. and Immun., U. ofMatyland School of Medicine, Baltimore, MD 21201.We have been interested In localizing theantigenic epitopes on the qlycoproteins of analphavirus, Sindbis virus, which are involved invirus neutralization. A panel of neutralizingmonoclonal antibodies (MAbs) were used to selectSindbis variants which no longer reacted with theantibodies. To localize the antigenic epitopespresent on glycoprotein E2, eight resistantvariants as well as 4 revertants which hadregained reactivity, were sequenced throughoutthe E2 region. In addition 4 isolates, selected forresistance to an anti-El neutralizing MAb weresequenced throughout the E2 and El regions. All ofthe salient changes In E2 occur within a relativelysmall region beween amino acids 181 and 216,near the conserved glycosylation site. Variantsindependently isolated for resistance to the sameMAb were usually altered in the same amino acid,although MAb 90 selected for changes at twodifferent residues. Resistance to the singleEl-specific MAb resulted from changes at Gly-1-32of El to either Arg or Glu. Reversion occurred atthe sites of the original mutations, but did notalways restore the parental amino acid.
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A CO'US LEADER SEtEECE IS SPLICED I. ALL SI BiANONCl" IN VITRO SYNTHESIS OF INFECTIOUS VENEZUELAN EQUINE
RNAs OF EQLI'E ARIERITIS VIRLS. ENCFPHALITIS VIRUS RNA FROM A cDNA CLONE: ANALYSIS OF
T, %I ,It i,, l Et. Chirnside" Petr redheok ,atd A VIABLE DELETION MUTANT
Vhilli Spa N.L. Davis* , L.V. Willis, J.F. Smith. and R.E. Johnston
Institute of ViroliCN Lniiertsiti o Ltrc!.t. Ti-, Dept. of Microbiol & Imunol., UNC, Chapel Hill, NC

III r alIds. 27599 and Div. of Virol., USAMRIID, Ft. Detrick,

Darig the replicdstion oi equine arteritis vius Frederick, MD 21701
(EA%), b intrdcellular subt'enomic RNAs ar e slIlesistd A cDNA clone of Venezuelan equine encephalitis virus
li processir al goflno- lelogth precuiso RNA. Soije:o.: (VFE) was constructed ind used as the template for syn-
-iid northler blot tijlhsis indicited that the viral R\., thesis in vitro of infectious RNA genomes. A T7 promoter

itir a 3'coteriinal nested ot, similar in orelti..ti, i directed RNA synthesis to begin at a C residue followed
to rctonasiral RNA. Olicooocloloide h hrjdi-iU: by tho exact 5'-terminus of the ViE genome. transcripts

A.)d primnr eNteilsiolt ripe rimesnt u,' (I,,[ were specifically terminated Just beyond the poly (A)
,1o mallest RNA, (Ri i a0nd 5) ar, lot cI.i rt c . tract by using templates digested at a unique Not I

ti, 3',nd of the gvnooe. Seqi-nce fllli; o site in this region. RNA transcripts of the cDNA clone.
ciu,- d.rived fro,, tutal intracellular RN. rt !a-d , but not the clone itself, were able to initiate a pro-
I" htor seq-ore of 208t at the 5',nds ol RNA, 5 , , ductive infection of DEAE dextran-treated chicken embryo
Iosdr specific probe hybridised in -olont bluis to a fiibroblasts (CEF). VEE antigens were demonstrated in
1,1:.. mapped to the 5led f the gnome and in n. rthet- RNA-transfected cells, and supernatants from transfected

tlo! t, eaich sobgionmic R\A. Seqoil- - ailc s t h,, cultures contained infectious virus particles. The cDA
5S-id ot t e g-m pi t ivelt id.,i(itid it i- th. clone lacked 102 nucleotideo c ii .LE genome sequenc-.

origin oi thi leader seqoence; the sequence at th, 1'. nd The deletion, which also was present in the genomes
It the, l-adt i C'A) .ard ol Itl .I 50nlt , i of progeny virions derived from the clone, did not appear
(ULL'GAGCG) are alnost identical to the relo.-lnc, If tl.,' to affect growth in cultured CEF. baby hamster kidney

1,-Itadymmita cR05"0Pliy , sit . intereti r riir or Veto cells, or the virulence of progeny virions in

sejelice respectiel3. The first 5 m.,.. .o .I.Vt- nice. The site of the deletion was mapped to the 3-end
lit 1-. IAftC RO. s V rid '',irc l'.a, lie sat; of the nsp3 gene by comparison to other alphavirus

, , fond at , :, t e iat.1- r s il-,.. sequences. In this region, the VEE genome sequence in-
lit 5',,ild of th gore.. Jk" i t ! h ki cludes two tandem 102-nucleotide repeats which can be

, i e get'n. If eh ui,-e huit. -99i,T. 1tait -p! i[,i ..g arranged in a stable stem and loop structure. The se-
i lii l i1,terhi -I 7t- lrtdic'. I si. ,,ii ehO, quence remaining in the deleted clone retains one copy

i , ,o o m - 5 ]alad b r i . of the duplicated sequence and, in addition, faithfully
preserves a portion of the predicted stem.

P3 P4

ANALYSIS OF THE ROLE OF ICR-LIKE SEQUENCES IN INFLUENCE OF 3' TERMINAL MUTATIONS ON IN VIVO
SYNTHESIS OF (+) STRAND GENOMIC RNA REPLICATION OF BROME MOSAIC VIRUS RNA2.

A.L.N. Rao*, B.P. Sullivan and T.C. Hall. Department of Biology, Texas
Loren E. Marsh', Gregory P. Pogue and Timothy C. Hall, A&M University, College Station, Texas 77843-3258, U.S.A.
Department of Biology, Texas A&M University, College Station, Each of the four virion RNAs of brome mosaic virus (BMV) possess
Texas 77843.3258 a tRNA-like structure at the 3' end which is responsible for the specific

The genomic RNAs of BMV (brome mosaic virus) possess tyrosylation of the YCCAo terminu. Additionally this structure
sequences at their 5' termii which resemble the internal interacts with host nucleostidyfransferse and functions as the promoter

for initiation of (-) strand synthesis. In order to elucidate the role of
promoters of eukaryotic tRNAs. These sequences are found as tRNA mimicry in viral replication, we have introduced several
two blocks corresponding to the ICRs (internal control regions) modifications encompassing the entire tRNA-like region and identified
1 and 2 (also called A and B boxes) of tRNA genes. In a valuable pool of mutants that can be subjected to j yjyi analysis.
comparison with the tRNA consensus sequence, the 5' ICR2 or Three mutant sequences (5'PsK, 5'+3'PsK and&Knob), previously been
B box like sequence is well "onserved on BMV RNAs I and 2, characterized to be defective in one or more tRNA associated activities.

have now been analyzed for their effect on in vivo replication of BMV
whereas the 5' ICR-like sequences are not as conserved on RNA2 that is integral to the life cycle of the virus. Capped full length
genomic RNA3. However genolmic RNA3 also possesses two mutant RNA2 transcripts synthesized in ir were mixed with wild
internal regions of ICR-like sequences with the more conserved type transcripts of RNAI and RNA3. When inoculated to barley
ICR2-like sequence found in the intercistrotic region. In order protoplasts, all RNA2 mutants replicated very poorly (eS%) but did not
so study the role of the ICR-like sequences of RNAs 1 and 2 in interfere with replication and accumulation of other RNA components.

Additional experiments with ptotoplasts confirmed that the factor
(+) strand RNA synthesis, a deletion mutant (or ARNA2) of encoded by RNA2 acts in t= and is only required in catalytic
RNA2 has been used which replicates analogously to RNA3 in amounts. Inoculation of mutant transcripts so Chenooodiaum hvbridum
requiring the presence of wild type RNAs I and 2. induced necrotic local lesions characteristicof wild type 8MV infection.
Oligonucleotide site directed mutagenesis has been utilized to To verify the progeny RNA2 in each mutant infection, single lesions
make specific deletions and substitutions in cloned cDNAs from were isolated and propagated in barley plants. Sequence analysis of
which infectious RNA.s can be transcribed jn, tro. Such progeny RNA2 indicated that input mutations were rentored to wild

type sequences derived from 3 homologous region of RNA3,
deletions indicate that the 5' ICR2-like sequences of RNA2 presumably by recombination events.

make a significant contribution to (+) strand RNA synthesis.
Similar deletions have also been made on genomic RNA3. In
contrast with that of RNAZ the 5' ICR2-1ike sequences of RNA3
do not appear to contribute significantly so (+) strand RNA
synthesis. Instead the more conserved intefcistronic ICR2-fike
sequence appears to make a greater contribution to (+) strand

RNA synthesis.
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iNFEClIOUS RNA FROM A FULL-LENGTH cDNA CLONE NUCLEOTIDE SEQUENCE OF THE 3' TERIFIAL REGIONS
OF CUCUMBER NECROSIS VIRUS. O.M. Rochon. OF TOMATO RINGSPOT VIRUS RNA-l AND RNA-2. M.E.
Agriculture Canada Research Station, Vancouver, Rott, J.H. Tremaine and D.M. Rochon*. Agriculture
B.C. CANADA V6T IX2. Canada Research Station, Vancouver, B.C. CANADA

V6T IX2.
Cucumber necrosis virus (CNV), a tombusvirus,
is a simple spherical virus ca. 30 nm in diameter Tomato ringspot (TomRSV) is a member of the
which contains a positive polarity RNA genome nepovirus group which forms part of the
4.7 kb in length. Virion RNA is probably capped picornavirus-like superfamily. Both genomic
at the 5' terminus and lacks a 3' poly(A) tail. components of the bipartite TomRSV were cloned
The complete genomic sequence of CNV has been and partially sequenced. The nucleotide sequences
determined. A full-length DNA copy of CNV was were determined of ca. 2.5 kb and 5.5. kb at
constructed and placed downstream from the T7 the 3' ends of RNA-I and RNA-2, respectively.
promoter in the phagemid Bluescribe (Stratagene). Comparisons of the 3' proximal nucleotide sequences
Transcription using T7 RNA polymerase resulted of RNA-I and RNA-2 demonstrated near identity
in transcripts which were infectious when inoculated over an extended region (1534 of 1535 nt).
to several CNV hosts. Infectivity estimates The shared regions were devoid of long open
using the local lesion host Chenopodium amaranticolor reading frames and thus are unlikely to have
showed that capped synthetic CNV transcripts coding functions. The sequences in RNA-I and
were ca. 0.5% as infectious as natural virion RNA-2 upstream from the shared regions each
RNA. Virus derived from plants inoculated with contained a single long open reading frame.
the synthetic transcripts, however, was as infectious The deduced amino acid sequence in RNA-1 showed
as the authentic virus. The 5' and 3' termini strong similarity with the putative replicases
of the synthetic transcripts contain 4 and 1 of picorna-like viruses. A portion of the upstream
additional non-viral nucleotides, respectively, sequence in RNA-2 showed amino acid sequence
Experiments are in progress to determine if similarity with the coat protein of the nepovirus
infectivity of the synthetic trinscripts can tomato black ring. The region upstream from
be improved oy removal of 5' non-virdi ,ucleotides. the putative TomRSV coat protein contained two

sets of direct repeats which preserved the single
long open reading frame in RNA-2. Efforts are
being made to complete the sequence and structure
of the TomRSV genome.
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GENOME STRUCTURE AND EXPRESSION OF BERNE VIRUS, SEUENCE OF THE NONSTRUCTURAL PROTEINS OF
THE PROTOTYPE TOROVIRUS. TICK-BORNE ENCEPHALITIS VIRUS (WESTERN
Eric J. Snijder', Johan A. den Boon, Willy J. H. SUBTYPE) AND COMPARATIVE ANALYSIS WITH

Spasn and Marian C. Borzinek. OTHER FLAVIVIRUSES
Inst. of Virology, Vet. Pac.. St. Univ. of Utrecht, Christian W. ,andl , Fra. L . Heinz,
Yalelaan 1. 3584 CL Utrecht, The Netherlanda. Elisabeth St ckl and Christian Kunz.

Berne virus (BEV) is the prototype of a newly Institute of Virology, University of Vienna

proposed family of positive-stranded animal RNA (Auatria)
viruses, the Toroviridase. The BEV genome, a poly- Tick-borne encephalitis (TBE) virus
adenylated RNA molecule of 25-30 kb, is surrounded by (Western subtype vaccine strain Neudoerfl)
a tubular nucleocapsid and a peplomer-bearing was cloned and the nucleotide sequence
envelope. In BEV-infected cells a genome-sized RNA coding for all nonstructural proteins
and 4 subgenomic viral RNAe are synthesized. Northern (approximately 8 kb) was determined. The
blot analysis showed that the BEV mRNAs form a amino-termini of the individual proteins
3'-coterminal nested set. In vitro translation of were assigned by comparison with other
purified BEV nRNAs and sequence analysis of mRNA- flavivirus sequences. Amino acid homologyderived cDNA clones revealed the gone order 51- calculations between TBE virus and

polymerase - peplomer protein - small envelope mo quito flavnv ruses ro performed
protein - nucleocapsid protein - 3' along the genome. for all nonstructural proteins. An

UV transcription mapping data demonstrated that evolutionary tree based on protein NS1 is
the BEV RNAs are transcribed independently. By primer presented that reveals the molecular basis
extension and oligonucleotide hybridizations the of relationships among flavivirusea. Tick-
smallest BEV RNA (5) was found to be contiguous on borne and mosquito-borne flaviviruses share
the consensus sequence. The nucleotide sequence a common hydrophilioity profile and also
surrounding the potential t snscription initiation other features of their primary sequences,
site shows a high degree of similarity to sequences such as the presumably functional Gly-Asp-
upstream of other ORFs. This suggests the presence of Asp sequence element within protein NS5.
four subgenomdc RNA promoters on the template. Other characteriate, such as the potential

Except for the polymerase gene product (see N-glycosylation sites of protein NS1 and a
abstract P.J. Bredenbeek at &I.). no amino acid potential proteolytic cleavage site within

protein NS4B, are conserved within thesimilarities between toro- and coronavirue gene mosquito-borne group, but differ in the TBE
products were observed. Hence, our data on the virus sequence.
toro*irus gero-e sL-Utue justify the proposal of a
new virus family (Horzinek (1987); Intervirology 27,
17-24).
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CIS-ACTING ELEMENTS INVOLVED IN REPLICATION OF VARIABILITY AND EVOLUTION OF FIELD ISOLATES OF PLANT
ALFALFA MOSAIC VIRUS RNAS. RNA VIRUSES.A.C.an der Kuyl, L.Neeleman, F.Dankerlui, C.J.Hoowing, Emilio Rodrigueze-Crezo (IM(), Santiago F.Elena (2).E.M.J.Jaspers and J.F.Bol. Andr6s Noya (2) and Fernando Oarcla-Arenal(l).Leiden University, Biochem. Dep., Einsteinweg 5, (1)Dpto. de Patologia Vegetal. E.T.S.I. Agr6nomos.
2300 RA Leiden, The Netherlands. 28040 Madrid. Spain, and (2) Laboratorio de Gen6tica,

2300TRAheen he Netheralfanos. vFacultad de Biologla, 46100 Burjassot, Valencia,Spain.
The genome of alfalfa mosaic virus consists of 3 Quantitative studies on the genetic variation ofRNA molecules. Coal protein is translated from a in spit o oe

subgenoic mRNA (RNA4) derived from RNA3. An RA- plant A viru- are very scarce, in spite of their
dependent RNA-polymerase (RdRp), isolated from infected theoretical and applied importance. We report here on
bean plants, specifically initiated (-)RNA synthesis the genetic vaiability and evolution of field iaolates
on a (+)RNA4 template and RNA4 synthesis on a (-)RNA3 of the plant NA virus U5-TKV naturally infecting the
template in an in vitro assay. Using T7-transcripts of wild plant inotiana glauca Grah. The populations wu-muteate iN a tropai, the RdRp recognition si tes died were composed of a high number of haplotypes, thatinvolved in the initiation of (-)RNA and (+)RNA seemed to be selectively neutral according to Ewen -
synthesis were identified. Srprisingly, the extrem Watterson's test. Two main features are found regarding
3-ends of (+)RNA templates are not inl this US-TKV evolution: let) there is no correlation between
recognition genetic proximity of isolates and geographic prmoxmity

Transcripts of cINAs 2 and 3 were infectious and of the sites from which they were obtained; 2nd) the
permitted a study of the RA replication in vivo. estimated divergence among haplotypes is low,and value
The results differ substantially from those obtained are saintained no satter the scale of the distance be-
with brome mosaic virus. tween the sites from which the tsoloter come. No compa-

rable studies have been done with a plant RNA virus.
and these two features seem to be unique for this sys-
tem an compared with other RNA virusee

The distribution of the observed genetic variation
on the different regions of the genome has been studied
in an attempt to understand the functional significance
of this evolutionary model. Conserved and variable do-
mains were found not correlating with viral genes.
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CLONING AND CHARACTERIZATION OF THE HOG CHOLERA TORI- AND CORONAVIRUSES: A NEW SUPERFAMILY OF
YIRUS IN AN EXPRESSION VECTOR

2  2 POSITIVE STRANDED RNA VIRUSES.
2
Muyldermans G

1
, Obvlar L. , Caij A., 2ubois N., Peter J. Bredenbeek-. Eric J. SnJder, Ana P. H.

De Smet A., Cornelis P., -Koenen F. , Hamers R. Noten, Johan A. den Boon, Marian C. Horzinek and
I. Vrije Universiteit Brussel, Paardenstraat 65, Willy J. M. Span. Inst. of Virology, State Univ.

1640 Sint-Genesius-Rode of Utrecht, Yalelaan 1, 3584 CL Utrecht. The
2. Nationaal Instituut voor Dierqeneeskundig Netherlands.

Onderzoek, Groeselenberq 99, 1180 Brussel Toro- and coronaviruses both are enveloped
Hoc Cholera Virus was obtained and concentrated positive-stranded RNA viruses containing a large

100 times by ultrafiltration (Millipore) of the spentR gcnomic RNA (25-30 kb). Similarities between both
medium of HCV infected PK-15 tcells crown in,,todex 3 virusfamilies in genome organization such as the
microcarrier givinn a final titer of 5 x 10 TCID /ml. order and the types of genes along the genome and
The RNA was extracted usino the hot phenol/auanidfium the presence of multiple subgenomic RNA, have
method and was used as template for the synthesis of recently been established. Besides these common
complementary DNA by the method of rubler & Hoffmann. features there are significant differences in the
The cDNA was cloned into the vector arms of A. replication strategy of both virus families (see
usinn EcoRI linkers and recombinant phases nr8 in abstract E. 3. Snljder et al.).
E. coli Y1090 were screened with porcine hyperinaMune The polymerase (poll gene of IBV is the only
serum acainst HCV( B. Liess, Hannover, FRG) coronaviral pol gene whose sequence has been
using the biotinylated proteirA - streptavidin horse- published (Bouranell at al. , J. Gen. Virol. 68.
radish peroxidase system. Four out of 50,000 plaques 5

7
-
7 7
); no torovirus sequences have yet been

screened reacted positively to the serum. Each of the published. Recently we have sequenced a substantial
recombinant phages contained an insert of less than part of the pol genes of the coronavirus HHMV-A59
300 bp Which hybridized specifically with a high mole- and the torovirus BEV. The MHW sequence revealed at
cular weight RNA band in a Northern blot with RNA from least two ORPs. In contrast to the absence of any
HCV-infected PK-15 cells. Crude protein extracts were noticeable conservation in the amino acid sequence
prepared from E. coZi Y1089 lysogens and the fusion of the first ORF of the ps1 gene, the predicted
proteins were purified by anti/3-galactosidase imuno- amino acid sequence of the second ORE was well
affinity adsorption. The purified fusion protein conserved between HHV and IBV. Comparison of the
reacted positively to HCV antisera but not negatively predicted amino acid sequence from the 3' part of
to Bovine Viral Diarrhea Virus antisera the pol gene of BEV with the product encoded by

ORF2 of the coronavirus pol gone revealed striking

similarities. These data seem to justify the
,lassification of toro- and coronaviruses into a

new superfamily.
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MOLECULAR CLONING ANDOEXPRESSION OF ARNA-DEPENDENT MOLECULAR CLONING OF DEFECTIVE-LIKE RNA OF TWO
RNA POLYMERASE OF PLUM POX VIRUS IN ESCHERICMIA COU HOROEIVIRIJSES

P.O. Nagy, Plant Protection Institute, Hung.
Arad. Sci., Budapest, P.O.Bov 1o2, H-1525

G Hinmrawr, F. Regner, H. Steinkeliner. D. Mattanovich arnd H. Katinger Hungary
Hordeiviruses, type member is barley

Instut fur Angewandte Miroiologe. Pater-Jordantralle 82, A-1 190 stripe mosaic virus (BSMV), have three genoinic
Wien, Austria NNAs which are encapsidated separately in rod-

shaped virions. One strain of B5MV contains a

Thecomlee nclotie squnceofPlu Po ptyvru (PV)defective RNA (RNA 4), which is originated fro.
Theompe~elu~e~ide~ij~fle~fI~l~op~t~trS(PV)RNA 3 (McFarland et al. , 1983).

shows one single open reading frame, coding for aprotein of Mr Wes found a similar, extra RNA (RNA 4) i n
354 kD'. The amino acid sequence shows similarities to other purified virions of two other hordeivirus iso-
viruses with different degree of homology, depending on the re- lates, i.e. the Type strain of poa semi latent

spectve gnes.virus (PSLV) and Ml-0a2 strain of lychnys ring-
spectve gnesspot virus (Ml-0a2). Genomic RNAs as well as

The predicted amino acid sequence of the Nib-like region, RNA 4 of both viruses were isolated and then
located adjacent to the coat protein (at the C-temilhi2 )at the po- copied into cONA and closed into pUC 18. Clones
lyprotein shows homologies of 61.3%to the respective protein of corresponding to each RNA were identi fied.
Tobacco Vein Mottling Virusiand55S%to that of Tobacco Etch Northern blot analysis o f encapsidated
Virus. A typical polymerase sequence motif

3
, PNAs of both viruses showed that tneir RNA4

RYFVNGDDLVLAV, can he identified in this protein.To iden- is not originated from RNA 3, as in the case

tify ihefsinction of this Nib-like protein we have cloned the gene of BSMV. Clones of RNIN of MI-0a2 hybridized
only to RNA 2 and 4, but sct to 1&3. RNA 4 of

into the E. coli expression vectors and purified the recombinant P51LV was found to show great sequence nomology
protein with RNA 1 or 2 (RNAS 1&2 are poorly resolved

by denaturing agarose gel electrophoresis),

mams v ll'w 0~ev eO,oI 70 513 Out not to RNA 3.
2mansnoi t & al19awl V-,s Gevs. 2 ira
3 dv9. P (19M) N-1-~ 0.0,P 9909
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T"E 5 -TERMiTVO OP MU~iRRAY VALLET ENCiPHIALITIS VIRUS RNA lNA SYTHISrfl OF A POLIOVIRLS I'TAINt IN VIVO
IS CONSERVED AND FER.MO A STABLE SECONDARY STBUCTURE. A.ND IN VITRtO
R.J. Coelen arid 3.0. tMackevuie. Department vf Janet Novak* avd Korla Kirkegaard
Microbilovy. University of western Australia, Sept. o f Molecular. Cellular, rind Develoymentai Biology
Nediands, Perth 6009, Australia. University of Colorado; Boulder, CO 80309-0347 USA
The 5' nov-coding region of the genomes of 11 isolates 35 252 , a temperature-sensitive mutant of poll oviri.
of Murray Valley encephalitis virus (MVE) from Aust- with on insertion in the 3' noncoding region, has its
ralia arid Papua New Guinea wree examined by privet en- primary defect in RNA synthesis (Sarnow et. al., Proc.
tension sequencing. It was found that the 5' non- Nari. Aced. 5ci. USA, 83:571-575, 1986; P. Narrow,
odling region of all isolates was highly conserved, personal comunication). To distinguish positive and
The two isolates from Papua New Guinea contained an negative strand synthesis, strand-specific probes were
exitra uridine res3idue, nominally positioned after hybridized to RNA from 381202-infected cells. In
nucleotide 54, which was absent from ail hut one of the comparison with control samples kept at the permissive
Australian isolates tested. This isolate (SB 156) con- condition of 32.50 C. cells shifted to 39.50 C severai
tamned a further uridine residue at the same site. It hours Post-infection accumnlated nearly normal amounts
nsould he voted that SB 156 and the two Papa New of positive strand ABA hut little negative strand iNA.
Cuineas isolates have been showni to be at least 7% Thus, the primary defect of 3NC202 is in negative strand
divergent in Other areas of the genome 1831 and E). synthesis.
Nome of the changes found in the 5' non-coding region To study the specificity of pollovirns RNA replica-
appreciably altered tnn py-dtIcted secondary structure. tion in vitro, we tested whether 3NC202 negative strand
It is noteworthsy that none of the ilavfvtruses examined synthesis in vitro was temperature sensitive. Our
to date possess the consensus sequence surrounding the in vitro system used highly purified pollovirus RNtA-
initiator cadon (OCC(A/G)CCAUOO which has been found in dependent RNA polymerase. partially purified terminal
must eukaryotic eBRlAs ear do they possess the in phase uridylyl transferase (TUTase), and a virion RNtA tem-
GCC unit upstream from AUG. The conservation of plate. TUTase can act as host factor for negative
.secondary structure among these isoistes, and fiavi- strand synthesis in vitro by adding oligotil to the 3'
viruses in gen'rol, suggests that atrocture rather than end of the positive strand, allowing a hairpin primer to
primary sequence my be important for the initiation of form. We quantified RNtA systhesis at 32.5" and 39.50
translation With these viruses, from mutant and wild-type templates. Over a range of

template concentrations, the behavior of 3NC1202 was
almost identical to that of wild type, with s lightly
less RNA synthesized from buth templates at 39.50
Thus, this in vitro system does sot mimic the specifi-
city observed In vivo for 3NC20i2 RNtA synthesis.
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VARIANT FOOT-AND-MOUT. DISEASE VIRUS FROM HUMAN RHINOVIRUS SEROTYPE 2:
PERSISTENTLY INFECTED CELLS. IN VITRO SYNTHESIS OF AN INFECTIOUS RNA

A 1 2 M. Duechler*, T. Skern, D. Blaas, B. Berger, W.
J. Uiez . J.C

I 
de la Torre 1 J.A. Melero Sommergruberl and E. Kuechler.

and E. Domingo "nstitut fur Biochenie, Wahringer Str. 17,
1-Centro de Biologla Molecular (CSIC-UAMi. IOVO Vienna, Austria and IEBI fur Arznei-

Univ. Autdnoma Canto Blanco 28049 Madrid. mttelforschung, Dr. Ernst Boehringerg. 5-11,
Spain. 1120 Vienna, Austria

2-Centro Nacional de Microbiologla, A strategy for the synthesis of a complete
Virologla e Inmunologia Sanitarias. eDNA copy of the HRV2 genome has been
Majadahonda. Madrid. Spain. developed; this eDNA copy was placeO under the

In the course of a persistent infection of control of a T7 RNA polymerase promoter. An in
BFIK-21 cells with foot-and-mouth disease vitro transcribed RNA containing two extra G-
virus (FMlV) a coevolution of the cells and residues at the 5' end gave rise to plaques on

the resident virus occurs (de la Torre et transfection into HeLa cells. The efficiency
al. J. Virol. 62, 2050-2058, 19881. We have was approximately half that obtained with viral
cloned and sequenced the structural RNA. On the contrary, an in vitro synthesised

protein-coding region rO the variant virus RNA containing 16 additional nu-ceotides at the
dominant after 100 passages of the carrier 5' end was not infectious. This ability to make

cultures. Several amino acid su5stiLuLons an infectious in vitro transcribed RNA will ce
were fixed in VPI, VP2 and VP3, useful in studyingvirus-receptor interactions

particularly at the N-terminus of VP3. The and other aspects of the virus life cycle.
latter have been confirmed by direct The use of site-directed mutagenesis to

protein sequencing of purified VP3. This Produce viruses with altered properties will
variant virus shows multiple phenotypic be described.
alterations, including an increased ability
to overcome a restriction imposed by the
coevolved host cells.
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<kLiT'AA 'SS OF NDkn.RA VIRUS RNA2, THE ie were interested in screening a series I in ,,tes ,
w-Svi ER RNA F(R THE COAT PROT'- PRECURSOR. To pro:tozan Leilhanio fr the presenve t1 vi.nvtn.

k. ''gvpta
I

, J. Y. Sgro . P. X ast berg., . P. ir 
2  

[he experimental procedure we v ed was based -on an
Vi; 1. E. Johnson-. I. Institute for Molecular enzymatic assay originaliy developed for viral RNA-
lor l..v, University of Wisconsin. Madison., WI 53706 dependent RNA polynerases. Sinuitaneousiy. total

WdA. 2. Department of Blologi:al Sciences, Purdue promastigote nucleic acid preparations were analyzed

'nversity. West tafavette. IN 47907, CSA. for the presence of viral genome and/or transcripts.

Nodamura virus (NOV), originally isolated from Two isolates. both classified as ..braolliennis

nosquitoes, is the type member of the family of insect guvanensls, were found to be positive for RNA poly-

viruseo called Nodaviridae. It is unique among the merase activity and to carry a large (Okilobases) RNA

Nodavirldae in its ability to cause fatal infection in species. The polynerase reaction products hybridized

vertebrates as well as in Insects. Moreover, NOV, to the H kb RNA, believed to be the viral genome. In

unlike other closely related Nodaviruses, does not conjunction with electron microscopical obaervat!ons

Infect cultured Drosophlla cells and does not show any these results Indicate the presence of an RNA virus in

cutopachic effect in most Insect cell lines. Trans- these Leishmanla Isolates. Preliminary evidence

fectlon of NOV RNAs into Drosophila cells shows tbat suggests that in our RNA dependent RNA polymerane asan

NOV viral RNA synthesis Is not impaired. This suggests we are making primarily plus sense RNA. Although we

a change in the region of coat protein responsible for are not certain of the polarity of our virus. given

interaction with the host. We have, therefore, deter- the size of the genome and the other evidence we

mined the nucleotide sequence of NOV RNA2 and compared think we ate I-kvhig at a ne pls sense RNA vinin.
it with the known sequence of black beetle virus (BBV)

RNA2 PVasgupta et al.. Nucl. Acids Res. 12, 7215-7223

(984)]. The deduced amino acid sequence was compared
and mapped relative to the BBV structure obtained by

refinement of X-ray crystallography data reported
previously [Hosur et al., Proteins: Structure, function
and genetics 2, [67-176 (1987). The results show an

average of fifty percent difference in the primary

sequence at both the nucleotide and amino acid level.
The majnrlty of the amino acid difference mapped near

the ,v- surface of the BBV virion, a possible area
for interactIon with the cell surface.
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NUCLEUTIDE SEQUENCE AND ;ENOME ORGANIZATIUN OF BRCAD TYMOVIRUSES : STRATEGIES OF EXPRESSION AND INSERTION IN

BEAN MOTTLE VIRUS; SEQUENCE HOMOLOGIES ITH OCHER THE "SINDBIS-LIKE" SUPERGROUP.

BROMOT IRUSES. M.D. MORCN, J.C. BOYER, G. DRUGEON AND AL. HAENNI.

Alcisndra 4. Dalacot and Jozef J. Bujarski Institut Jacques oned, 2 place Jussieu, 75251 PARIS

Northern Illinois University, Department of Biological 
cedex 05, France.

Sciences and Plant Molecular Biology Center. DeKalb. IL Tymoviruses are icosahedral plant RNA viruses with a

hl USA mnopartite positive stranded genome of about 6000

n rrto study d -encoded function whIch are nucleotides. The type-member is Turnip Yellow Mosaic

involved En virulence, bent range and ether plant-virus Virus (TYMV) . The interest raised by TYMV mostly reliesinteractions. we do interrelated and comparative studies on the tANA-likhe properties of its genoie (not discussed

of three bro.o.lruses: bruce mosaic virus (BiV), cowpea here) and on the variety oE strategies it utilizes to

chirotic mottle circa (CMV) and broad bean ettle eapress as many as 9 proteins from a unique and
relatively small genomin RNA. Recent translation

virus (BBMw).

In this communication we present the complete enperiments ni be presented that characteriee the

sequence and genome organization of BMV. Like in BMV proteolytie processing step involved In the synthesis of

od CcM, the BBMV genome is composed of four single- seme of its nonsteuctural proteins.

stranded positIve-sense conponents. The length of BBV Molecular cloning and sequencing of the genomes of
"YMV (1) and of several other tymoviruses confer to

RNAs I and 2 is si.ilar to that for AMV and CCR, these viruses the status of appropriate experimental

whreas BBE RA3 has longer 5'end noncoding region models to study viral eplinatin, host spcificity and

,nJ longer interclstronlc region. The AAs are capped t test anti-viral stralegies sueS as the

at the 5'end and contain a tNA-ilike structure at the approach (2).

3' dJs. Unike for BEV, CC A and other tialr viruses Finally sequence comparisons among the non
8B.,X% suSeno.ic RA4 has an A as its 5' terminaI nucleo- structural proteins encoded by tymoviruses and by other
tide suggesting some special features in the mechanism plant and animal (+) RNA viruses stress the conservation

of replicatIon o f B"M RNAn..te. d.ar T
o qec anal indicate that BMN RNAs Id2E the already described Te-binding and polymerase

Sunc nlysis n i s dhtronic A T se docmains, All these observations lead to the insertion of
,rethe tynirus group tin the 'Sindbis-like" supegrup

iota agree with the results of Ic vItro translation of (+) RNA viruses as opposd to the "piceva-like"
ccyerlvents. spergrnup and lend support to the hypothesis of nodular

Sequence honologies anong analogous RNA components ecolution for thssn viruses.
cprse soot of the le-gth of ANAI avd 2 In three . Conch, M.D., Ouyer, .C. and A.L. Haenni (1988) Nucl.

hr-ovlr'vru. On the other hnd, osponents 3 differ Acids Es. 166157-6173.

i: sequevce substatially. 2. Morch, M.D., Joshi, R.L., Denial, T.M. and Haensi,

A.L. (1987) Noul. Accs. Reos. 15:4123-4130
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SNTHESIN or 02002? SELLOW MOSAIC VIMUS SUBGENOMIC MN DENGUE VIRUS EPIDEMIOLOGY DETERMINED BY LIMITED

:N VI VO AN0$ IN VITRO ; COMPARISON WITH ALPHAVIRUSES. GENORIC SEQUENCING

R. GoUd&c, R.L.2j0H2, J.BOL
+
, S.ASTIER-MANIFACIERa, R. Rico-Hesse, Yale Acbovirus Res. Unit, Yale Univ.

H.nL. 0020 AD A L. HAENNI. Institut Jacques Moned, 2 Soh. Med., P.O. Box 3333, New Haven, CT 06510 USA
place J s-e, 75251 PARIS cedex 05, France; +Department Dengue Viruses have progressively extended their
of uioctemzstsy, State Univesity of Leiden, 23000 RA geographic distribution and are now the most important
Lecdeo, The Netherlands; *Laberatoire de mosquito-borne viruses associated with human illness.

Phytopathologie, INRA, route de Saint-Cyr, 78000 Determining the genetic variability and transmission
.v.,ac_ es, Frunue. patterns if these vrases Is crucial in developing

Nurnip YelYow Mosaic Virus (TYMV) possesses a effective control strategies for the disease. Eighty

vungle-steanded "() RNA genome. This genomic RNA is geographically and temporally diverse dengue virus

psiycistunic, the coat protein gene being 3' proximal. strains of human and mosquito origin were compared by

ue coat protein is synthesiedvia a sugenomic RNA. prImer-extension sequencing of the RNA template. Forty
To investigate the mechanism leading to the isolates represent serotype 1 and the remainder sero-

ti~matinn of the sulgenomic RNA in vive, the type 2. Comparison of nucleotide sequences from <3% of
double-stranded p.AB isolated from infected leaves were the dengue genome provided sufficient information for

charactericed by Northern (lOt hyoridization under determining genetic relationships among these virus

rtina and der.aturing conditions and by direct labelling isolates. The analysis of 240 nucleotides from the
O nasuent (ci RNA strands. The results obtained E/NSi gene region revealed that the evolutionary
donrstrata that the subgenomic RNA is synthesized in patterns of dengue viruses of serotypes I and 2 are
cics Ly internal initiation of replication on a (-) RNA different, as are the transmission pathways of the

of genomic sze. vlrese across the world. The quantla ive comparison

Replication experiments were performed in vitro to Of these nucleotile sequences disclosed previously

identify on the (-1 MA the internal promoter involved unknown evolutionary relationships between disease
in thIs mechanism. Our results indicate that the "core" outbreaks. Viruses fell into five distinct genotypic
of this pionoter is located 3- of the sequence groups for each of the two serotypes. Maximum diver-
corresponding to the subgenomic RNA, at a distance of 26 gence across the E/NSI gene region among type 1 virus
to 55 nucleotides from the start of replication of this Isolates reached 9%, while for type 2 strains it was
RNA. Furthermore the nucleotide sequence in this almost twice as high. For type 2 viruses, one geno-

promote, region shares homology with the consensus typic group represents an isolated, sylvatic virus
sequence of the internal promoter determined foe animal cycle which apparently has evolved Independently in
alphaviruses. Africa. This is the first genetic evidence that a

sylvatic cycle of dengue virus exists.

24



P 25 P 26

INFECTIOUS THEILER'SVIRUS cONA CLONEiSSTUDIES OF RAPID MOLECULAR EVOLUTION OF WILD TYPE 3
INTRATYPIC RECOIMBINANTS AND VIRAL VOLYPROTEIN POLIOVIRUS INFECTION OF INDIVIDUAL HOSTS,
PROCESS)tIG 1 LEENA KINNUNEN' ANITA HUOVILAINEN and TAPANI

R T. Roos. S. Stein
t
, J Oara , J. Ful B.L. Scmler2 'Dept, of HOVI Molecular Biology Unit National Public

cturoiogi. University of Chicatgo, School of Medicine, Chicago, IL 6063?, Health Institute, Helsinki,* Finland
DeIlpt. of Microbtiology and Molecular Genetics. Cotiege otf Medicine, The mutation rate of ReNA viruses is known

University of California, Irvine, CA 92717
Theilercs macinc encephaloarpelitin vieuses (TMEV) ace mouse to be high, which allows for great

picotroavi ruses that can he separated into two suhgroops on the hasis of adaptability and rapid evolution in presence
their biologicat activities. DA strain and othec memers of the TO of selection mechanisms.
subgroup causceapersistent demyclinatiflg ifection inlmice, while GDVII An outbreak of pol iomyel it is with
eeinamtmlrGDVtSgoUplraiMCa eMaUtektCP~)alpepha- widespread circulation of wild type poliovirus
tomyelits aet neither persist no deesyclinat. We generated aa infectious 3 throughout the country was discovered in
DA ctone inserted into a cranscription vector. The infectivity of in vitro Finland between August 1984 and January 1985.
derived DA transcripts was enhanced by reenigineig the ctone to bring Finland had been free of poliomylitis since
the 5end of the DA genome two nucleotides downstream rom the T7 1964 as a result of a high coverage
promotec. Virus derived fromnscansfection of the transcripts produced immunization programme with the inactivated
an inflammnatory dernyetinatingiiease in mice indistinguishable fcorn DA p01 iovirus vaccine.
wild type virus. Using the DA infections clone and GDVII eDNA In this study the extent of molecular
subgenornic clones. we were ahle to produce chimneric genomes and variation and evolution was followed during
imisri eobatvrssta il ept dniytegntclc wild type poliovirus 3 replication in several
responaible for the strains' varied biological activities. idvdas loehr h niei

in order to investigate pofyprotein processing of Theifer's murine niiul. Atgte, te atiei
encephalornyclitis virutes (TMEV), wee analyzoed in xiSOu translation characteristics of 153 plaque purified virus
reactions programmed by jsyilllderieed transcripts from the infectious strains from sequential faecal specimens from
full-length DA clNActaee. Tohetipidentifytrc proieintaiwethat carried eight patients were analyzed with a pattern of
oat the processing, the DA eDNA clone transcription template was nine monoclonal antibodies. Selected plaque
modifiedby linearization with varied restriction cndonucleases that cut purified viruses 134 strains) were further
thertemplate at different lengths orby linher insertion and/or deletion studied by partial ReNA sequencing. The
nrutations in putuasie protioiase-coding regions. This information may sequenced regions encode amino acids that are
be inmportani in further investigations of thre abnormal virus expression exposed on the virus surface and constitute
seen in DA virusviteicdemycfinatingsisc, since pusryprotecin processing the major antigenic sites. Almost every
is critical in deterning picocoaviral groc eoprvssior. clinical isolate seemed to be a mixture of

S irants. Very often rapid evolution took
~ace between sequential isolates and amino

acid substitutions were seen at the known
antigenic sites.
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HOMOLOGOUS PCTY-, fLAVI- AND PESTIIRUS PROTEINS RfPLICATIVE FORM OF ItUpAIJfIA VI1005 QUA
BELONGTING Tr, A SUPERI'AMILY OF FIELICASE-IKE D Hendry , D di. Plessis and G Mokhosi
PpO)TEINS. RNA STIMULATED ATyase ACffVITY OF PLUM Dept of Microbiologo, RihodvoJs sv
POX POTYVIROS C1 PROTEIN. GRAHiAMSTOWN, South Af~ir .
Sonia Lain-, Jose L. Riechorann, Maria T. Martin, Nudauria P "'S v 'A. c';r , 0 1
Carios Lopez-O~in, acid Juan A. Garcia. emperor moth. Nudaurelia cythe-ea vevh
Centro de Buologia Molecular (CSIC-UAM). type meniber ote ttsi~f..
Unuversidad Autbnoma. Canto Blanco . 28049 establisihed fa-I iv of nvt-'c<
Madrid, Spain. rihoviruses with T=4 icosahelmal caos~c sy-r' ,.-

Plum pox potyvirus g00050 coruists of a 9786 ccll line supporting the replicaticn the0050 .c
nucleotide loing positive sense RNA molecule with has het to he found, Thus, little is irn~wo
its 5' end covalently linked to a protein (VPgI replication strategy. ercept t"ot ;
and a 15-500 nucleotide long polyA tail at its translatton of the gencmic RNA resu~c- ir
V'end. An AUG triplet at position 147-149 has synthesis of a range of polypeotides. none 01
been assigned as the initiation codion for the corresponds to the single coat protein of Mr h'u
translation of a genome size vital polyprotein 65000.
of 3140 amino acid residues. The nucleotide The genone of NAV consists ot a sti nq t sni -id

sequence of the non-coding regions and the posi ti vp-sense RNA of about 5.3 kilchases. frtracti-.
predicted amino acid sequence of the polyprotein of doable-stranded RNA dqsRNA) from individual vir.. -
.ere compared with those previously reported for diseased larvae yielded only one nojor Species u;t

other potyviruses as well as with other twice the M o)f the genomic TNA. This dsPN4
sequences from viral or cellular origin, hybridized witR a radio-labs)lled virion RNA probe, a-,
Cleavage of the PPV polyprotein at several of is thtus probably thre rep) colbye form of the virrr.
the putative recognition sequences for the 49k0 genome. No other dsRNAs were detected isis 1.
PPV protease has been confirmed by amino agarose gels were overloaded with material ertracr.,
terminal sequencing of the processed products from pooled larvae. None of these minor dsRN~sj
and site directed mutageneris. The potyviral CI sequences In commonm with the qemomic RNA5 probe-. N,
protein, which contains sites A and B of the dslRN~s could he detected in larvae that were virus.

no-called NTP-binding motif, is closely related free.
to the NTP motif-containing proteins of airimal None of the yolypeltides produced If cell-frrci
flavi- an

1
l pestiviruses and to a superfamily of translatton of the virion RNA were precipitated lv

cellular hrelicase-lilee proteins. Prel1iminary Dolycl Intl anti -NPV serum. in the absence of e,,dencr
results indicate that the CI protein of plum pox fc, a subgenonlt RNA0, the mechanismn of coat protei
virus presents inf....Mit.i ATPase activity synthesis remains obscure.
stimulated by the presence of ReNA,
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CIS-ACTING REGULATORY SEciUENCES IN ALPHAVIRUS CENiOMES ORGANIZATION OF BEET YELLOWS CLOSTEROVIRUZ
Richard J. Kuhn*

, 
Bert G. M. Niesters, Zhang Hong an!i GENOME

James H. Strauss. Division of Biology. California V.V. DoljaO, A.V. Karasev, A.A. Agranovsky
Institute of Technology, Pasadena, CA 91125 USA and J.G. Atabekov

Comparative sequencing of alphavirus genomes has A.N. Belozersky Laboratory at Moscow State
identified four regions which exhibit a high degree _f University, Moscow 119899
nocleotide Conservation. It has been postulated t*at Virion lA of beet yellows virus (BYY) is
these sequences serve as replicase binding sites. A a messenger-sense RNA of aboit 14.5 kilobases
full-length cDNN clone of Sindbis virus, the type containing no poly(A). Its 3 end is represen-
alphavirus, has been utilized in a molecular genetc- ted by the non-ooding sequence sharing no ob-
approach to study the function(s) of these regions. in vious similarity with the tRNA-like structu-
particular, the 3' 19 sucleotide conserved region alo- res in plant viral RNA genomes reported so
with the genomically encoded poly(A) tract has been far. Translation of BYV RNA in cell-free sys-
analyzed by site-directed mutageresis to determine the tem yielded a major polypeptide of 250K and
role of such cit-acting sequences in enus-strand RNA some lighter products from which 66K was the
synthesis, most prominent. None of the products was fo-

We report here the construction of a full-length und to coincide with the coat protein in ale-
cDNA clone from which infectious RNA can be transcribed otrophoretic mobility or immurologikal pro-
of Ross River virus, another nember of the alphavirus perties. The synthesis of all the BYV RNA-
genus. This has enabled us to construct hybrid viruses directed polypeptides was blocked by the cap
between Ross River and Sindbis. In particular, the 5' analogue, thus suggestIng the presence of a
and 3' non-translated regions of each virus hav been cap struoture at the 5 end of virion NA.
exchanged and the effect on virus replication has been The single-stranded RNA from BYV-infected
studied. In additios we have generated a hybrid vir- plants contained at least six RNA species of
which contains the nonstructural protebns of Sindhns genomic and subgenomio (6.3, 4.8. 2.7, 1.6,
and the structural proteins of Ross River. This virun and 1.0) sizes. Double-stranded analogues
displays a host range similar to Ross River virus and a have been found for all these RNAs. Thus, the
replication efficiency intermediate between Sindbis an strategy of BYV genome expression possibly
Ross River. This virus, and other structural protein involves formation of subgenomic RNAs.
hybrids, will prove useful in investigating tihe BYV displays sharp differences with anot-
pathogenic properties exhibited by these viruses. her representative of olosterovirus group,

apple chlorotic leaf spot virus, in genome si-
ze and the absence of poly(A). Hence these vi-
ruses can be hardly grouped together.
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THE %AJOR ECHO VIRUS SlBOUP 1A GENETICAL:. ,:0'._: INDICATIONS FOR A PSEUDOKNOT STRUCTURE
RELATED TO COXSACKIE B VIRUSES
Tirm Hyypi i and Pctri Auinen, Detar t If , IN THE RNA GENOE OF P
Universi.y of Trk. SF-20520 Turku. Finlun. TF- - Huian F o d Wilk2 , K Pleij 3, 5. ten DwinF.
Turku, Finland 

1 .

ECHO viruses are the largest subgroup f nter-:r 1 Cornelissen'
, 
H. Huttinga2 and R. Goldbach'.

EM .V.- , ledee 2 Aesesrch Invstitute for P1,-i P'sirriv , se..enie
coprising 31 serologically distinct er ,5tiy Sept., steio uniers of Lndro, 5 V'nito nest., 5O'itu-i '
tine analysis by using nucleic acil b-rn eat'n hy Uniersity uainsee, Te Netheilid.

revealed that a alority of ECHO vir uss rcv I , - Potato leafroll virus (PLRV) is a member of the
sackic B viruses (Auvinen et a]., Arch. Virc,]. luteovirus group. The plus-sense single-stranded RNA
prss. ECHO virus 22, however, is an excepl ion i genomes of luteoviruses are contained within icosahedra-
does not share homology with an of the ontceroi-r,- ly shaped virions. These are only infectious when
studied. In order to understand the orian - applied via aphids. Therefore, PLRV infections give rise
ECHO virus genomes at a detailed level we have star1, to considerable losses in potato yields when many aphids
nTIleotide sequence analysis of ECHO virs 1s I .- are present.
The (lectron icroscopic appearance and th. Pn v. :e The PLRV genomic RNA encodes six putative gene
of both ECHO virus II and 2a equal to coXsackie','ir., . products in open reading frames (ORFs) I to 6. For

The nucleotide sequence homology of ECHO virus ii at d-. expression of these 6 ORFs the virus might be using
P3 rew'on is ayproxinately 8 when comparted to 'c'- three different methods. ORF1 starts with a suboptimal
u , nki ,.-r.. s A . The pr ot-olytic rleauag( , t.s st -Lu -- AUG according to the Kozak rules. This way ORF2 can be

s far ace ientical ith theny f.n.d in thrn rn'-lo , expressed from the genomic RNA as well. DRF3 seems to be

ent rov ruses. The organiz -n of th, 3' non-dir.g expressed via a -1 translational frame-shift in ORF?. In

regier, of ECHO virus I is also equal to oxsackic the region where frameshifting might occur a possible
viruses b it different frn yolioirnses. On the olt!- pseudoknotted structure can be found. A similar feature

hand. th reliiary 3' end sequfne at ECHO -irus 2. can be observed in the equivalent region of the genome
genoe does not show any signifiant h,,lgy i -,h Of BWYV. This might have a function In ribosomal frame-
members of human enterovruses. An olgvuileo idn -!. -- shifting. ORF3 bears a 43% homology with the putative
rived fron the ECHO 22 virus seq.,vr h-.brildi.s iv - RNA-dependent RNA polymerase of southern bean mosaic

achy w~ith t h;s strain, virus. The expression of ORFs4 to 6 most likely is via a
subgenomic messenger of 3.4 kb found in infected tissue.
ORFs4 and 6 ae countiguous reading frames separated
only by an UAG (amber) sop codon. ORF4 encodes a
protein showing homology with other luteovirus coat
proteins. ORFS, which is contained entirely within ORFB.
might encode a precursor of the VPg molecule.
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TEMPERATURE-SENSITIVE SHUTOFF OF ALPIIAVIRU S
HOG CHOLERA VIRUS - CHARACTERIZATION OF MINUS STRAND SYNTHESIS MAPS TO NSP4.
SPECIFIC ANTISERUM AND IDENTIFICATION OF D. Sawicki,- D. Barbimer and S. Sawicki. Medical College of
cDNA CLONES Ohio, Toledo, USA.
TILLKANN RUMENAPF, GREGOR MEYERS, ROBERT AlphaZira minus strand synthesis occurs only earlv in
STARK & HEINZ-JURGEN THIEL* infection and is coupled to synthesis of vital nonsructu ral
Federal Research Centre for Virus Diseases proteins and to formation of new viral replication complexes.
of Animals, 0-7400 Tubingen, Federal Our previous results identified a mutant ltn24 of the A
Republic of Germany Complemenitation group) of Sindbis virus (SIN HR) that failed to

A spcifc aniseum ws risedaganstcease minus strand synthesis late in infection in the ahsence of
the pestivirum inducing hog cholera (hog new protein synthesis if infected cells were shifted to 40C
cholera virus, HCV) .Using imnuno- (Sawicki and Sawicki, Virology 151:339,1986). Revertants of
precipitation and SOS-PAGE, this anti- ts24 (ts24R) retained this IS phenotype, indicating the defect in
serum served for comparison of HCV- temporal regulation of minus strand synthesis was not
induced proteins with those from a related conditionally lethal and could map outside the A cistrn. Minus
and better characterized gestivirus, nt-and synthesis by ts24R apparently occutred in previously
bovine viral diarrhse virus (BVDV) . In fortmed replication complexes that had been engaged in plus
addition to immunological relationships, strand synthesis. The infectious clone of SIN HR. Totol 101.
the apparent molecular weights of some was used to identify the region of the genuine of ts24R
proteins induced by both viruses were responsible for this phenotype. Three specific cDNAs that
qruite similar. together represented the entire genome of ts24R were exchanged

HCVgenomic:RNA was found to be about for their corresponding regions in Told 101 and infectious
12 kb in length, comparable to 8VDV RNA. transcripts used to prepare hybrid virases. The phenotype of
cottA was synthesized starting from RNA ts24R was present in the region nt 2288-us 7999 encompassinc
isolated from partially purified virions parn of nsP2-nsP3-nsP4 encoding sequences. Suhcloning and'
and cloned in lambda-gtl 1. Screening with sequencing identified a single nucleotide change at at 6339 (C to
the antiserum resulted in identification A. predicting a GIn so Lys change at aa 195 is nsP4) that swas
of several positive clones. Partial common among hut unique to ts24 and its revertants Nclesstdc
sequencing of one HCV-derived cDttA clone chunges as she 5Sand 3' ends of the ss2-IR genoine did not affect
revealed a high degree of homology to a minus strand synthests. Suhstitution of the wildtype nttclcondc
portion of the BVDV sequence. as position 6339 in an infectsous clone of ts24R should eluini~c

the tf.24R phenotype. We Conclude that ss failur-e to cease mo-us
strand synthesis hy ts24tand its revetussts maps to the nsP4
region.
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NIICtLlt31IN~ St QUIINCS Oft til F.NOMI AND CIIMPLEI AMINtO EFFECT OF ACTtNOMYCtIN a ON REPLICATION OF SATELLITE
ACID 5t GlfIUF 1t IIIF ilkOPROlJfIN of till I ttv-RORNF FN- TOBACCO RtttIlPOl VIRUS RA IN PLAiT PRt3TOPLASTS. Beck'
CFI4ylAtIft'. 1155. hI eand-r G. Pletne, arts Vladimir I. Buokley* and George Brueniog. Department of Plant Path-
Vamusbos-. Nouoosbirsk Institute uofiiioor-taniu- ology, University of California. Davis. CA 95616. tUSA
Cthevistry, 6.30090 Nossbirsk 90. The 359 nt satellite tobacco rineoPot virus ENA

We hnane notwcoe ants sequenced the geonc SRNA of (sTobBv RA) is a molecular parasite of its supporting
tuck-nore encsepthalitis virur lIliE) that euncode, all virus, tobaco ringspot virus (TobBv) That Is,
structu~ral and nonstructural proteins. The complete sTubBY RNA requires co-infection with TobRV for its
genuine is 10,480 bases in lerngth oith a single open propagation. it reduces the yield of TobRV. and it
sending fr-ame extending from nucleotider 127 to 50,365 becomes encapaidaced In TobRV rar pros-cir npt- f4
encudi ng 3,4 1 amno acids . She 5'- and 3-noncoding oontributions of TobRy gene products, other than coat
estrev itles pre sent nt em- and loop-strcu-tures. A poly- protein. to the life cycle of sTubBY RA are unknoswn.
protein precursor is apparently proteotypically cleav- We have been studying sTobRV RA replication in this
tt Sty a mechanism resembling that proposed for eonses- three-component system of hoat, virus and satellite
sion of pulyproteins of other flausiiruses such as RNA. DNA-dependent RA synthesis was effectively in-
Yellow fever, West Nile and Kunjin viruses. The do- hibited in ensupea Qjigm unauiuata leaf proroptasts
cltced IBIS gone order us 5'-C-pr(M)-E-NIS-NS2A-NS2B- incubated in a mediuim containing 50 pS/si t~tinomycinP
NS3-NS4A-N5iitlNS5u-3' . The gonome and the polyprotoin (Act D). as measured by incorporation of j Cluridine
of iBfS and other flausnuruses are transmitted to into RNA. When this concentration o f Act a was added
their vertebs-ate hosts by different vectors suth as to protoplasts 24 hr prior to ca-_inoculation with
ticks and mosquitoes. Comparison of sequence homology sTobRV RA and lob1RV genosic RAs, no accumulation at
of polypi-oteins suggests that IBIS as more closely re- sTobR RA was detected by blot hybridization after
toted to Y. (00er virus than to (lacinirusos of other electrophoresis of RNA preparations. This apparent
serological subqs-oups (West Nile or Dengue viruses). inhibition of aTabRV BRNA synthesis did not appear to be
The hydrophobicity profiles of the flaovavrus polypro- due to Interference with transcription, since additions
teins are huighly conserved. Nonstructural proteins of Act D at 24 hr or 48 hr after co-inoculation renal
NISuS, NS28, N545, and N546 are extremely hydrophobic, ted in only slightly weaker sTobB RA signals than
suggesting that those proteins are likely associated those obtained with no addition of Act B. Out results
with cellular membranes. Proteins E, NSI, NS3, and NI', and previous findings of RNA complementary to encapsi-
are the most conseroative and my be involved in go- dated satellite RNA in extracts of Infected tissue
neral activities related to viral replication, imply that an RA-dependent RNA poiserase Is responsi-

ble for the synthesis of sTobR BRNA. The strongly
inhibitory effect of set D5. added early, on sTubB RA
syntheais suggests a role for a host factor in the
early phase of sTobR/ RNA repliscat ion.
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MAPPING OF BROMOVIRUS RNA REPLICATION GENOMIC AND ANTIGENIC COMPARISONS OF EASTERN EOUINE

FUNCTIONS BY CONSTRUCTION OF HYBRID RNA2 ENCEPHALITIS VIRUSES AND RELEVANCE TO VIRAL EVOLUTION

MOLECULES. Patricia L. Traynor* and Paul G. Ahlquist. Patricia M. Repik* and Julie M. Strizki, Department of

institute for Moleular Virology, University of Wisconsin- Microbiology and Immunology, The Medical College of
Pennsylvania, Philadelphia, PA, U.S.A.

Madison, Madison, WI 53706, USA. To investigate the genetic and antigenic diversity

The bromovirus goup of plant viruses has a tripartite of both North and South American EEE viruses, the RNAs
(+)-sense RNA genome similar in sequence and organization to of more than 20 isolates were analyzed by RNA finger-
a wide range of other plant viruses. Replication of brome printing, and the virion proteins were characterized by

mosaic virs (BMV) and cowper chlorotic mottle virus PACE and Western blot analysis. All the N. Am. isolates

(CCMV) requires both RNAs I and 2 and the la and 2a displayed strikingly similar fingerprint patterns, with

proteins they encode, respectively. Despite extensive homology 72-98% oligonucleotide homology. The strong genetic

between bromoviral RNA2 nucleotide and peptide sequences, relationship among these strains was stable with time,

several functional differences distinguish RNA2 and the 2a host species, and geographic distribution. Conversely,

protein of BMV from those of CCMV. First, successful the S. Am. isolates displayed fingerprint patterns

infection of barley protoplasts requires a virus-specific which differed markedly from the N. Am. strains and, in

compatibility between RNA2 and its homologous RNAt, since addition, were much more diverse amongst one another.
combinations of RNAs I and 2 do not support Their oligonucleotide homologies ranged from 17-92%.

hetrologos Both geographic distribution and time appeared to
viral RNA replication. Secondly, although BMV RNA2 is influence the genetic relatedness of the S. Am. strains.
amplified by CCMV, RNA2 from CCMV is not amplified by Analysis of viral proteins supported these data in that
BMV, indicating a difference in template activity between the minor variation was generally observed only in the K'
two RNA2s. Construction of hybrid RNA2 molecules protein of the N. Am. strains, whereas more extensive
containing various portions of BMV and CCMV sequences has variation in both the El and E2 proteins were seen

allowed preliminary mapping of these functional differences. among the S. Am. strains. Although the North American

Additionally, hybrid RNA2 molecules that are compatible with and South American EEE strains differed genetically

RNAI from either virus have been used to show that a virus- and antigenically, major imunogenic epitopes were

specific difference in the amplification of RNA3 templates preserved as demonstrated by Western blot analysis.
The possibility that selective pressures exerted by

appears to segregate with RNAl. insect vectors may play an integral role in the
evolution of EEE viruses is intriguing.

P 39 P 40

MOLECULAR CLONING AND NUCLEOTIDE SEQUENCE OF THE DESCRIPTION OF THE SEQUENCE OF HOG CHOLEF. ' lFUS PNA

GENOME OF HOG CHOLERA VIRUS COMPARISON OF THIS SEQUENCE W:TH THAT OF BOVINE VIPAl

GREGOR MEYERS, TILLMANN RUMENAPF AND DIARRHOEA VIRUS.

HEINZ-JURGEN THIEL* P.J.M. Moornann*, P. Warmerdam, B. van der Meet. ant

Federal Research Centre for Virus Diseases of M.M. Hulst.

Animals, D-7400 TUbingen, Federal Republic of Central Veterinary Institute, Dept. Of F'crUTc.,

Germany Box 365, 8200 AJ Lelystad, The Netherlands.
Hog cholera 'frus-specific RNA, syrthesized :n -r-

A cDNA clone derived from genomic RNA of hog fected SK-6 cells (Moorrann and Hulst, 1988, Virus
cholera virus (HCV) was identified using an Res., 281-291), was cloned and sequenced. Various TDO

oligonucleotide complementary to the RNA encoding libraries were prepared to completely clone the virus-
a hexapeptide from the putative RNA dependent specific polyA minus RNA. The first strand of the cDNA
RNA polymerase of the closely related bovine was primed with either oligonucleotides prepared fron
viral diarrhea virus (BVDV). This clone served calf thymus DNA, or oligo-dT on pelyA adenylated RNA.

as a probe for screening different size selected or specific oligonucleotides deduced fromr the sequence-.

cDNA libraries. After molecular cloning and The cloned sequence is 12.280 nucleotides in lenrt.

nucleotide sequencing the HCV genome was shown to The sequence of several independent clones primed witf

consist of 12284 nucleotidescontaining one long oligo-dT suggests that the 3'-end of the viral genore

open reading frame. Sequence comparison revealed is completely cloned. Whether the sequence is also com-
a high degree of homology between HCV and BVDV plete at the 5'-end is still being investigated.

genomic RNA. With respect to HCV the genome of One large open reading frame (ORF), encoding a
BVDV contains an insert ion coding for 90 amino polyprotein sequence of 3897 residues, was found in the
acids. second reading frame of the sequence of one of the oDNO

strands. The sequence of this strand corresponds witf

that of the viral plus strand PNA.
The amino-acid sequence encoded by the OPF will

described and the sequences of hog cholera virus anj
bovine viral diarrhoea virus (members of the Pest.v.r.'.
genus) will be compared.
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CHARACTERISTICS AND EFFECTS OF DEFECTIVE IN- HIGH-FREQENCY LEADER SEQUENCE SWITCHING DURING CORO-
TERFERING PARTICLES IN HEPATITIS A INFECTED
CELLS NAVIRUS D! RNA REPLICATION. Shinji Makino' and Michael
J. Niesch* and G. Siegl, Institute for Hyaieze
and Medical Microbiology University of Bern., M.C. Lai, Department of Micrbiol. Univ. of Southern
CH-3010 Berne

Adaptation of hepatitis A virus to cell California, School of Medicine, Los Angeles, CA 90033
culture usually leads to the establishment ot
persistent infection. Such a virus/cell USA.
relationship might be favored by the presence
of defective interfering particles (DIP).
Indeed, DIP with distinct deletions in the A system was developed exploiting defective-inter-
genome could be demonstrated for various HAV
isolates in several cell culture systems and fering (MIT RNAs of coronavirus to study the role of
at different in vitro passage levels. To test free leader RNA in RNA replication. A cDNA copy of
at which level DI particles interfere with
replication of standard HAV virions, cultures mouse hepatitis virus DI RNA was placed downstream of
were infected at low and high m.o.i. and with T7 RNA polymerase promoter to generate DI RNAs capable
virus pools established at early (11th) and
late (44th) in vitro passage levels, of extremely efficient replication in the presence of
Subsequently, production and excretion of a helper virus. We demonstrated that, in the DI RNA-
viral antigen, infectious particles, and
temperature permissive mutants, as well as transfected cells, the leader sequence of these DI
synthesis and accumulation of vRNAs during th RNAs was switched to that of the helper virus during
replication cycle of HAV was analysed. The
quantity of genomic vRNA oscillated throucoet one round of replication. This high-frequency leader
the period of observation. Defective RNAs sequence exchange was not observed if a nine-nucleo-
could always be demonstrated, but peak amounts
usually were present after genomic RNA reache- tide stretch at the junction between the leader and
maximum concentrations. Presence of DIP the remaining DI sequence was del-ted. This observi-
evidently interfere with synthesis of vRNA ani
the production of progeny virus particles. Lion suggests a novel discontinuous replicator, enf 1s

Production of viral antigen, however, seemed RNA with uninterrupted sequence.
to be unaffected.
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THE SYNTHESIS, MODIFICATION AND SECRETION OF CHANGES IN MOLECULAR STRUCTURE AND MEMBRANE
TBEV GLYCOPROTEINS. ASSOCIATION OF THE DENGUE-2 VIRUS PROTEIN NSI
JOHN R. STEPHENSON* & ALAN J. CROOKS, CAR, DURING MATURATION AND TRANSPORT
SALISBURY, U.K.. Gunther Winkler- and Victor Sto)lar

The accurate and efficient production of R.-W. Johnson Medical School, UMDNJ, 675 Hoes
cellular or viral proteins, by native and Lane, Piscataway, NJ 08854, U.S.A.

genetically engineered systems depends on * present address: BIOGEN Inc., 14 Cambridge
molecular signals for the correct folding, Center Cambridge, MA 02142, U.S.A.

post-translational modification and
intracellular transport of those proteins. The dengue-2 virus nonstructural protein
The glycoproteins of TBE virus, preM, E and NSI is a glycosylated, acidic protein with an
NS1 offer an excellent system to study the approximate mol. wt. of 46000. For a short
intracellular transport of proteins. E is time after translation NSI appears as a mono-
present in virus particles, but not on the meric, water soluble protein. Within 20-40
plasma membrane; preM is present only in min after synthesis the protein forms homo-
infected cells and its non-glycosylated dimers which show increased hydrophobicity
product; M is only found in virus particles, as indicated by means of Triton X-114 phase
and NSl is never found in virions, but is partitioning. This dimeric form of NSI, in
secreted from the call and has been detected contrast to the monomeric NSI, is found in

on the plasma membrane. This situation not the Membrane fraction of the call homoganate
only enables a study of protein transport, suggesting that dimerization and membrane

but as all viral proteins are translated from association are closely correlated.
a single message, gives the virus some unique The NSI dimers are transported through
problems in the control of protein synthesis. the Golgi system where - in mammalian calls

Work in our laboratory has demonstrated - two of the four asparagine linked carbo-
that the synthesis of these proteins is hydrates are processed to complex glycans.
strictly controlled and is dependent upon the About 60-80 min after translation NSI is
subcellular environment of the translation secreted into the medium where it is found in
machinery. It is also apparent, that at both a pelletable and soluble form. Both
least for NS , the level of glycosylation forms are protein dimers but show differences
reflects the destiny of the protein. The with respect to molecular organization as
effect of sorting sequences, glycosylaton shown by immunogold electronmicroscopy. The
and protein folding on subcellular transport data are consistent with the hypothesis that
will be discussed in this presentations pelletable estracellular NSI is associated

with membrane vesicles.
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EXPRESSION OF COWPEA MOSAIC VIRUS M RNA IN COWPEA SYNTHETIC PEPTIDE ANTIBODIES AGAINST HUMAN RIRINOVIRUS
PROTOPLASTS. TYPE 14 PROTEASE 3C.Keat-Chye Cheah"

1
, Sabita Sankar

I
, Ee-Chee Ren

2

J. Wellink*, G. Rezelman and A. van Kamen. and Alan G. Porter .
Dept. of Molecular Biology, Agricultural University, llnstitute of Molecular & cell Biology and
Dreijenlaan 3, 6703 HA Wageningen, The Netherlands. 

2
Department of Microbiology, National University

In cell free systems cowpea mosaic virus (CPMV) of Singapore, Kent Ridge, Singapore 0511, Republic
M RNA is translated into two polyproteins, 105K and 95K. of Singapore.

antiserum against the small capsid protein P23, ofHuman rhinoviruses (HRVS), which form one genusUsing nPof the family Picornaviridae, are the min causative
these proteins have now been detected in cowpea proto- agents of the common cold. The basic organization
plasts, a few hours after inoculation with CPMV. Also and replication of the positive strand RNA genoemee
at later stages of infection these proteins could be (7.5-8.0 kb) of Picornaviruses, e.g. HRVs, poliovirus
detected, but only if proteolytic processing was and foot-and-mouth disease virus, are similar.
inhibited by the addition of ZnCl2. Using antiserum The primary translation product of Picornaviruses

is a single precursor polypeptide which is processed
against a synthetic peptide, corresponding with a part primarily by viral protease 3C to mature products.
of the overlapping C-terminal ends of the 58K and 48K Although the primary amino acid sequence of 3C
proteins, the 58K protein, being the amino-terminal proteases has diverged considerably, there are short
cleavage product of the 105K protein, was found in the stretches of highly conserved amino acids. We have
cytoplasmic fraction of infected protoplasts, whereas synthesized two synthetic peptides of 16 and ii

amino acids based on two of the highly conservedthe 48K protein, derived from the 95K protein, was amino acid sequences in protease 3C, and raised
detected in both the cytoplasmic and membrane fraction peptide-specific antibodies in rabbits. The
of protoplasts. The presence of the 105K, 95K, 58K and specificities of the peptide antibodies for protease
48K proteins in CPMV-infected protoplasts indicates 3C were verified using dot blot and ELISA assays.
that, similar what has been found in vitro, also in vivo Inmunoprecipitation experiments demonstrated that
distinct initiation codons on the M RNA are used to both the peptide antibodies recognized the protease

e105K and 95K polyprteins. 3C expressed by HRV-14 recombinant plasmid pKCC1lOproduce the n E.Coli maxicells. Experiments are in progress
to determine whether these antibodies neutralize
the biological activity of protease 3C.
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CHARACTERIZATION OF SEMLIKI FOREST VIRUS THE SEMLIKI FOREST VIRUS EMPLOYS MULTIPLE
SPIKE GLYCOPROTEINS DEFICIENT IN p62 INTERNAL SiGNAL PEPTIDE CLEAVAGES TO
CLEAVAGE GENERATE ITS MEMBRANE PROTEINS
Mario Lobigs' and Henrik Gaioff, Dept. of Molecular Peter Liljestr~m" and Henrik Garoff. Department of
Biology. Huddinge Univ. Hospital, Karolinska Institute, Molecular Biology, Center for Biotechnology, The Karolinska
Sweden Institute, Sweden.

The subgenomic 26S cDNA coding for the structural We are studying the mechanisms guiding the biogenesis
proteins of Semliki Forest virus (SFV), an alphavirus, was of the Semliki Forest virus (SFV) membrane. The SFV is
expressed via a recombinant vaccinia virus vector in BHK composed of a nucleocapsid structure surrounded by a
cells. The SFV polyprotein precursor is correctly cleaved membrane carrying the virus-specific glycoprotein spikes.
and processed as judged from PAGE profiles, and The precursor polypeptide for the structural proteins is
transported to the plasma membrane. synthesized in the cytoplasm and is, after removal of the

We have generated specific mutations in the structural capsid protein (C) by self-cleavage, targeted to the ER
glycoproteins of SFV and we are using the vaccinia virus membrane where it is translocated and co-translationally
expression system to study their phenotype effects on the cleaved to yield the proteins p62. 6K and El. In ER the p62
assembly of this simple enveloped RNA virus. The and El proteins form heterodimers preceeding. and as a
membrane of the SFV particle contains 240 copies of the prerequisite to, their transport to the cell surface. The roe of
spike heterodimer Et/E2. The E2 spike glycoprotein the 6K protein is still remains unclear. We have in detail
originates from the precursor protein p62 which is cleaved characterized the nature of the various cleavages and
late in virus maturation, prior to arriving at the plasma topogenic signals which guide the correct generation of these
membrane by a host enzyme recognizing dibasic residues. transmembrane proteins. Our results reveal an astonishing
It has been proposed that the cleavage of p62 is a crucial scenario where internally alternating signal peptides and
event in triggening the budding of SFV. stop-transfer sequences of the polyprotein are used, through

Here we describe the phenotypes of SFV spike the action of the signal peptidase, to generate the structural
glycoproteins deficient In the cleavage of p62 expressed in proteins of the virus. Interestingly, none of the signal
BHK cells which were infected with the recombinant peptides are removed after cleavage, but remain as integral
vaccinia virus vectors. Cell surface expression, polykaryon parts of the mature proteins, reflecting their additional roles in
formation and EfiE2 oligomerization are addressed, the assembly process of the virus.
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MEMBRANE PROTEIN OLIGMERIZATION AND EPITWE M3DEL OF TIlK-O ENCEPALITIS-VIRUS ENVE1_0IE LYCOOTEIN

OLIGOMER DISSOCIATION AS POSSIBLE E, ROLE OF CAR1YeRATE SIDE CINS IN ITS ANTIOENIC STRLCTLE AND

REGULATORS OF SEMLIKI FOREST VIRUS COW4ATI0NAL HANGE OCCURING AT ACIOIC pH. F. Ciakhoo, F..

BUDDING AND FUSION Heinz, Of. Konz. Institute of Virology, Unicersity of Vienna,

Johanna Wahlberg, Wil A.M. Boere, Henrik Garoff, Viena, Austria.

Department of Molecular Biology, Huddinge University A large panel of monoclonal antibodies (MAbs) -as made to char-

Hospital, Karolinska Institute, Sweden acterize the antigenic sites of the Tick oorne encephalitis (TE)

The budding and the fusion processes of the enveloped viros glycoproteln E. Nineteen epitopes were identifled anich differ

animal virus Semliki Forest virus serve the purpose of with respect to serological specificity, functional activity or com-

transporting its nucleocapsid, containing its genome, from Petetive binding or NAbs. Elcept three isolated eoitopes It, 12,
and 13 these cluster to form three Pon oserlppiog domains termed A,

the cytoplasm of an infected cell into that of an uninfected B, and C. The structural properties of epitooes ,ere assessed by

one. We show here that, in the infected cell, the viral analyzing tte effect of chemical modifications (WS-denaturation,
membrane (spike) proteins p62 and El are organized as reuttio and carboxymethylatlon, performic acid oxidation, PH 5.0,

heterodimers which are very resistant to dissociation in Coer atd trypsin cleavage) on the antigenic reactivlties of each

acidic conditions. In contrast, the mature form of the -titope. Three epitopes of the domain A as J11 as 12 cere 50 se-
heterodimer, E2E1, which is found in the virus particle and sitlue whereas all others ,ere 505 resistant. Reduction and car-

which is generated by proteolytic processing of p62, is very Wooymethylation abolished the antigenic reactivities of ali eoltopes

prone to dissociate upon treatment with mildly acidic buffers. or the domain a and also t-o SOS resistant epitopes of the domain A,

We suggest that this difference in behaviour of the indicating the role of disulfide ridges in sta1iliziNg the confor-

intracellular precursor form and the mature form of the spike matim of these epitopes. tpltopes of the domaln a could be 1ora-

protein complex represents an important regulatory lizea o a 9001 Dalton trypsio fragment "t-reas the omain C colio

mechanism for the processes involving membrane binding be identified on CNBr cleavage Products.
around the nucleocapsid during budding and membrane ecqlyosylatioo exeriehts using -CGlycas

0
eslto j,

release from the nucleocapsid at the stage of virus fusion. stabilizing the -r0o.yOrate containinq C-00i S'Ot so e e, -

topes of this d0oman tere no lorqer resi stant to 5D5 ienaturati-:
reoctlon by 2-mercaptoethool.

A conrormational crange induced Oy in. PH -os reled ,, _

frernes of orotease Itrypsin and oroteinase-K) cleavage 00a1s. <9

conformational change, nhcn intolved the ehitoces of noal, 4,

an i occrrd oetosen pH 6.00 1 5.5 .itn te trl 'e co
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STRUCTURE OF THE SINDBIS VIRUS NUCLEOCAPSID MATURATION OF THE Jt E AN NSI GLYCOPROTEINS. Fan

Angel Paredes, Kevin Coombs, Dennis T. Brown- Wufang and Peter W. Mason , YARD, Dept. of Epidem.
The University of Texas at Austin 78713-7640 and Public Health, Yale U. Sch. Med., New Haven, CT.

The Cell Research Institute The naturation of the Japanese encephalitis virus

The topological arrangement of RNA and protein in (JE) structural (E) and nonstructural (NSl)

purified Sindbis nucleocapsids has been examined by glycoproteins in vertebrate and invertebrate cell

chemical, physical and morphological procedures, lines was investigated in order to help define the

Chemical crosslinking experiments indicate that capsid role of the N$1 protein. E and tSl were released

protein exists in two conformations within the nucleo- slowly (half-time > 6 hr) from J1-infected aonkey
capsid. These conformations differ from that of free cells (Vero cells). Mosquito tell lines released E at

caosid protein. Capsid protein is orqanized such that a similar rate, whereas NSI was retained in an

the protein domain containing tyrosine 180 is exoosed undegraded form in the mosquito cells. The

on the surface of the capsid. Gentle RNAse treatment proteolytic processing of these proteins appeared
of crosslinked capsids releases 2 species of protein- identical in both cell types, hut some differences in

containing subunits, having diameters of 9 and 11 nm. N-linked glycosylation were observed. E and HSI found

These structures represent pentameters and hexamers within vertebrate and invertebrate cells contained
respectively. The data collectively shows the nucleo- high-monose glycans for more than 8 hr after

capsid to be a t=4 icosahedron in which both protein synthesis. Additional sugar residues were added to

and RNA are exposed on the surface, the single I protein glycan p-ior to relesae from Veto

cells, whereas sugar residues were trimmed from the Z

protein glycan prior to release from mosquito cells.
The forms of HSI found in the culture fluid of

infected Vero cells contained one complex and one
hibh-imaonose glycao. These data indicate that It and

HS5 accumulate within an early secretory compartment

of the infected cells and then rapidly proceed through
the medial- and trans-Golgi compartment prior to
release into the extracellular fluid. Transient

expression experiments showed that each of these

proteins was faithfully processed when expressed in

isolation, suggesting tLat thle proteins contain

signals that direct them to specific compartments in
the infected cell.
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ANALYSIS OF THE NONSTRUCTURAL PROTEINS OF IN VIvo PROCESSING OF DENGUE 2 VIRUS NONSTRUCTURhI
THE FLAVIVIRUS WfST NILE VIRUS ( WNV ) PROTEINS
Thomas Nowakt and Gerd Wengler, F. Preugachat* and J. H. Strauss. Division of Biology,
Institut fur Virologie, Universitit California Institute of Technology, Pasadena, CA 91125
Gie~en, F.R.G. +present address : USA
Behringwerke AG, Marburg, F.R.G. We have utilized the PATH vector series to produce

The primary structure of the Trp E-dengue nonstructural protein fusions. The
nonstructural proteins NSl, NS2a, NS2b, fusions were designed to be specific for a single
NS3, NS4b and NS5 of the WNV has been nonstructural protein. Gel purified antigens were
determined. The nonstructural proteins injected into rabbits to elicit production of
were isolated from nuclear membrane polyclonal monospecific antibodies. These antibodies
fraction of WNV infected BHK cells, were used to study the processing of dengue
Aminoterminal sequence data of these nonstructural proteins in various cell lines. The
purified proteins were determined, intracellular locations of thee antigens were
Together with the published amino acid determined through the use of indirect immuno-
sequence of the nonstructural coding genom fluorescence. Differences in both the rate and amount
region ( Castle et al., 1986, Virology of processing of nonstructural proteins were observed
149, 10-26 1 we obtained the sequences of in permissive cell lines. High molecular weight
the nonstructural proteins N51 (50 kD), polyproteins are processed into mature lower molecular
NS2a (19 kD), NS2b (14 kD), NS3 (70 kD), weight products. It appears that cellular enzymes are
NS4b (27 kD) and NS5 (97 kD). The gene intimately involved in the processing of dengue
order, the sizes of the virus coded nonstructural proteins and that full-length readthrough
proteins and the processing of the polyproteins are the major substrate for the production
nonstructural proteins appears to be of mature nonstructural proteins.
identical between the flaviviruses.
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THE FUNCTION OF THE SINDBIS VIRUS 6K PROTEIN THE SPECIFICITY OF ASSEMBLY OF THE NUCLEOCAPSID OF
Kerstin Gaedigk-Nitschko* and Milton J. SINDBIS VIRUS
Schlesinger Barbara Weiss, Hans Ntschk.* and Sondra Schlesinger
Washington University School of Medicine, St. Louis, Washington University School of Medicine, Dept. of
Missouri, USA. Microbiology and Inmunology, St. Louis, Missouri,
We have used site-directed mutagenesis to study the USA.
role of the Slndbis virus 6K protein. The 6K protein We developed an assay that permits us to identify the
is translated as part of the structural polyprotein sequences in the Sindbis virus RNA which are required
and was previously detected on membranes of virus in- foc the binding of the viral capsid protein during the
fected cells. The protein is strongly hydrophobic and first steps of escapsidatio.
contains 5 cystelnes in its sequence of 55 amino acids. Purified capsid protein was iLobilized on nitro-
We detected high levels of fatty acylation in the 6K cellulose filters and probed with various radiolabeled

protein using radiolabeled palmitic acid. The fatty RNA's transcribed in vitro from different cDNA clones.
acyl groups could be removed by neutral hydroxylamine Using this method we were able to identify a region
Indicating thiol ester linkage to cysteines. close to the 5'-end of the Sidbis RNA genome which
Potential sites for fatty acylation in the 6K protein seems to contain RNA sequences that are important for
were mutated and two viable mutants were obtained -one the spe.4., i jio..g of the viral RNA to the capsid
with a single cystetne replaced with a serine and one protein.
with two adjacent cysteines replaced with a serine- In addition we were able to demonstrate in in vitro
alanine, Both mutants are distinct from wild type in reassembly experiments that homologous genomic RNA
the following properties: (l)they contain less fatty is preferentially encapsidated in the presence of
acid in the 6K protein, (2)they contain twice as much nonhomologous competitor RNA's to form nucleocapsid
6K protein in the virion, (3)based on plaque assays, like particles.
both grow poorly in mosquito cells but equal to wild This work was supported by NIH Grant # Al 11377.
type in avian cells, (4)the rate of release of mutant
virus particles from avian cells is 10-20 that of wild
type, (5)the specific infectivity (PFI/particle) is
4-8 fold higher for the mutants, (6).he uptake of
mutant virus is faster.
These data suggest that the 6K protein has a role in
virus assembly and also in virus structure.
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RNA SYNTHESIS OF JAPANESE ENCEPHALITIS VIRUS AND STUDIES ON THE RHINOVINUS 14 3C PROTEINASE
EXPRESSION OF NS5 IN E. COLI. DC Orr*, DS Montgomery, A Weston, JM Cameron, GlaxoGroup Research Ltd, Greenford, London, England

T. Takegami . Z. Edward and M. Sahara The 3C proteins of several plcornavlruses have been
Department of Tropical Medicine demonstrated to be cystelne-type proteinases, Involved
Kanazawa Medical University in processing viral polyproteins. Nucleotide sequencing
Uchinada, Ishikasa, 920-02 Japan data indicated that the rhinovlrus genome coded for a

homologous 3C protein. The HRV14 3C protein, cloned and
Like other flaviviruses, Japanese encephalitis virus expressed in E. coil, was purified to homogeneity and

(JEV) genomic RNA has no poly(A) at 31 end and a possi- assayed against various cloned viral proteins. It
bility to be synthesized in a different manner. Syn- possessed 'in trans' proteolytic activity, cleaving a
thesis of viral specific RNA in JEV-infected cells was CAT-VPg/3C protein, apparently at the authentic VPg/I3C
examined by the hybridization using RNA probes. Minus Junction. Further analysis demonstrated that the 3C
probe could detect negative stranded JEV-specific 42S protelnase was released from a precursor polyproteln.
RNA in the cells as early as 6hr post infection. On the 

T
he HRV14 3C protein was assayed against peptides

other hand, the amounts of positive stranded 4S RNA corresponding to predicted cleavage sites within the
increased according to time course of viral reproduc- polyprotein. Peptides representing the IB/iC, 2A/2,
tion. The positive stranded RNA was found in much 2C/3A, 3A/3N, 3N/3C and 3C/3D sites, with proteolysis
greater abundance in the crude membrane fractions. From predicted to occur at a Gin-Gly junction, were all
the data, localization of negative or positive stranded Processed by the 3C protein. Cleavage was specific,
vRNA in the cells was indicated. It was also found that occurring at the Cln-Gly bond within the peptide. Pep-
the membrane fraction contained large amounts of non- tides corresponding to the predicted 2B/2C and iC/ID
structural proteins, NS5 and NS3. These results were cleavage sites, where the processing was presumed to
consistent with the fact that the membrane fraction had occur at a Dln-Ala or Gly-Gly bond respectively, were
high activity of in vitro RNA synthesis, not cleaved by preparations of the 3C protein. The

To elucidate the function of NS5, expression of NS5 ability of the 3C proteinase to perform the polyproteln
in E. coli was carried out. One of proteins expressed Cleavages, as well as the cleavages of the synthetic
in E. coli (lOOK ) showed the same mobility in SDS- peptldes, was inhibited if a Cyo 146er mutation was
polyacrylamide gel electrophoresis as a native NS5 in introduced. This data coupled with information from
JEV-infected cells. Biological activity of lOOK pro- studies with known protease inhibitors, using the
tein is being investigated. Synthetic peptides as substrates, lead to the conclusion

that the P1V)4 3C protein is a cysteine proteinase.
The 3C proteinase probably plays an important role in
replication of the virus and thus represents a potential

target for antiviral chemotherapy.
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PRL.YMIC PROCESSI OF THE HEATTIS A VMS P3 EXPRESSION OF PROTEASE 3C0 OF POLIOVIROS TYPE 1 IN
4YP!0r:m. iACCHAROHYCES CEREVISIAE

M. Weitz, Institute for Hygiene and Med. Microbiology, J.P.M. Jore*, K. Verbakel-van Dijk, M. Kottenhagen, G.
University of Bern, Switzerland Veldhuisen and P.H. Pouwels. Medical Biological
A putative picornavirus protease 3rpro was predicted laboratory TO. P.O. Box 45, 2280 AA Rijswijk, The
by computation of molecular data of the hepatitis A Netherlands.
virus (HAV) genone region P3. The protease was expres- Subunit vaccines are a promising alternative to
sed by various mans: i) cloning of P3 cINA into a attenuated or inactivated virAl vaccines. Developments
transcriptionsvector and subsequent in vitro transla- in molecular biology and in particular in recombinant
tion of synthetic transcripts in rabbit reticulocyte bNA techniques have opened new ways for the production
lysates; ii) in vitro translation of HAV r purified of these viral vaccines eliminating the need forfrom stool Specimens; iii) expression of P3 cDOA in a production of large quantities of the viral agent.
vacciniai7 hybrid system; and iv) infection of cells In view of our interest in producing a subunit
in culture with HAV. Identification of P3 peptides vaccine against poliovirus by recombinant DNA techniques,
was achieved with antibodies specific for VPg and use has been made of S. cerevisiae for the synthesis of
3Cpr respectively. Peptide precursor/product relation- capsid proteins VP2 and PI (1,2).
ships were established through pulse-labeling experi- As one of the criteria for authenticity of PI thus
mentS. From the results we conclude, that HAV RNA obtained, we consider the capability of 3CD to process
codes for a protease 3Cpro, which is expressed in all P1 into VPO, VP3 and VPI (3). To this end the DNA
system investigated. Proteolytic breakdown of P3 fragment encoding 3C0 was cloned from pLOP315 (3) and
polypeptide precursors in the in vitro systens pro- placed in a yeast/E. cell shuttle vector under regulation
ceeds through intermediates that are expected from of either the Gj7 or the =G promoter,
the putative P3 structure. However, kinetics of syn- Preliminary results indicate that constitutive
thetic, and more important degradative events diffe- expression of 3CD is lethal to the yeast calls and that
red significantly among the various system. Moreover, induced expression leads to small amounts of an active
although mature 3Cpro was generated in HAV infected enzyme.
cells, a 3Cpro related peptide (52X) was detected (1) Verbakel st at. (1947). Gene 61, 207-215.
that does not correlate with the putative P3 structu- (2) Verbakel at &1. (1988). Life Science Advances:
re, and might therefore be implicated in inefficient Molecular genetics I.
replication of HAV in cell culture. (3) Jore et &l. (1988). J. Son. Virol. 69, 1627-1636.
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IN VITRO CHIARACTERIZATION OF ROINOVIAUS (SEROTYPE 2) PROTEILNASE 2At PROCESSING OP THlE STRUCTURAL PROTEINS OF YELLOW FEVER
UIJLIZINGJ A SPECIFIC CLEAVAGE ACTIVITY ON SYlITtIETIC PE901St SUJBSTRATES ,VIRUS. *

T' SkiD . Bin,s
5

ai E. KrichtOd. P.Despr&s* A.Ruio-Linar~a, A-Cahour, J.Dietrich,
I . Einst Tochingec miwt, anAritie tscltonau-. MiGirard and M.Bouloy. Institut Pasteur, Molecular

St. Oaebiingenusisc 5-t1. A 1120 Vienna. Ausiis Virology Unit CNRS IA 545. Paris, France
2. nionhdcngs Ingoici Phatacticals. Ine.. 90 East Ridge.

P.O 00 Do I Ridgmtittt, C.onecicu 06177. USA

A JOW The genone of the yellow fever flaviviruss (17D-204
Pitlio promssi nr hs potyipioti of Out.an hi--Ir. iticatticd vacci ne s train) is composed of a single large open

ot by i piniiait of the nirat Vneea 2A and 3C. Piocos 2A is ifp sbtic for
iitiatotosnag of thle potypiotiin and possibly oocuint ot"iunliticncllYaIthet reading frame of 10233 nucteotides coding for the
VP1 sod 2A roti.precursor to the structural and nonstructural proteins.

Wec preseta s Liuu'anO assay' based on t olc....j& if an To analyse the processing of the polyprotein which
otiapptdi .ubstr.Oi thtus pOoidigaIsonntniin iea-srtm ink which thi generates the structural proteinsa the corresponding

On 4 .onail f tct re gio. ofsll - 0e0d nbctid.ttin2 cDMA was inserted downstream of the T7 bacteriophage
capable of acting on ra 0-no. N-tniuitiust d.-ooid of osrsoystitn promoter. RNA transcripts syotherised in vitro were

fo atr poiss2A(Ea2)teiiulIlte 1 mn cdoiocud translated in reticulocyte lysate. In the ahsence of
lAo-TRt'ttT7ASPS~tlYVtl esrmspwuins uso toiqunice at toe in oclesce mteimbranes, no processing occurred. When inicrosornal
sits (Al.t/tiol. whichoinstr~ did no0'a -Its..b VP-2A subsac inthe membranes were added, proteins peT- and E were translo-
bus lria tys. lo, point mu-tas in hi paoino eiric ailscI OfA) .nr. .tcctd hesgasesnta1o.rnsoainwr
inocltion withi to piptidi, irdicsing thot this pan of 2A was iiecd resporsiblectd h inl secilfrtasoainwr

tct ptcteetysia. Sorpiisinglo no cloinSa of piptidet oatd bo (curd with "inru local iced.
Of an oiiia *ontruetto" tpEnlgS2t) forniory usod to d-imont, the These results were confirned in Spodoptera cello
ptcteoy.,caitiiy of S2A in a anro systemi. This yrcidoao-id-Oncthat th iofected with recomhinant baculoviruses. The processiog
cri".in]toleuis i.tho bsetiatayst.t. niaa irttamotoutionent. Thte
inauiti,y of toe 2A part of pFISS2 to act in ua is prohabty duo ic 0,1 of the nonstructural protein ill is also beiog analyzed
pt-,n- or 2B aol -01tc dirisod aiquse-e It thti corbnay Ltetitiut siltiu in this etubaryotic expression syotem by imonunoblot.
rodu c thm tctubitity of 2A and thus ptiint inIcluto -crity. foe I-o imouoprecipitatioo and pulse chaoe experiments. When
i.pre t,t ..nm (pn12A sod! pE.lISi) ai thus opnyleeiii aid atlct t0o proteins E aod MS1 are expressed io tandemo, both
ttfcta.oflrtutot.atbuoaoiecd both e.outo..nasC i.is std i.aU-.
Punhe,ett. .. t tocido ...o. a uti.d to stud, thn teiinety of u0-,otong proteins are translomatod but the precursor is inom-
utteg, tcptidt sith ditlecen lengths on amino -oid -PIoncatir ond to lire p letely processed

tenniaureTttto~cnhe rcouaoiity oft2A.
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IDENTIFICATlION ANG FUecfSOF IRUBELLA VIRUS E2 SINAL~o SEOLt-Cc IN INDIVIDUAL AND COORDINATE EXPRESSION OF RUBELLA VIRUS
TIE (ROSLCT(I0ON t AND 0 CLAVGEO THE PGLYPROTEIN. Chtnistian Ocer STRUCTURAL PROTEINS IN COS CELLS.

Slir. hotld . Jrni, aon c . ssres. ysa O~O LninrslyTom C. Hobmanar and Shirley Gillan5 Dept. of Pathology,81is oadL avs n a -D ms ea & nvriy Uni versity of British Colsmbia, Vancouver, B.C. n Canada.
Dept. of Enlmmioogy, tollege statin, Tyr. Rubella virus (RV) virions contain three structural

pThe Sttrctural proteins of crolla ciros (Rv) are tratnslated as a proteins C, E2 and El which are derived by
myprote io (pIT1S) lhat is processed to practico the vision coo-potrnlaofareus.

rents, C, E2,at El. (ie rmie rcosisrneooiosna ntnenional processing ofapolyprotein peusr
n~cdtd nwtnr I t "iat inclided at least Iwo proleolytlc C or capsid protein is a hydrophil ic protein which binds

cleavages. to release thte indinitsal cinion Ccinoos froe thn po- to genoic RNIA to form niucleocapsids, and El and E2 are
lyprotoin. and It must pronidie for thteir dietnotorscus intrameliularmebaeg
distribstioo. ~The creisid proteio, C, retrains in the Cytopi. whr mebae ycoproteins forming the spike complexes on
It participales In tsocleoycapold formaetion. siltle the envelope glyco- the virion exterior. In order to study the processing
proteins, E2 altd El. enter tile secynta. iPathwnay, ae -giynosyiaf- of RV structural proteins and its relation to
ed, nlnseed, "9 traspforted tn o piatira" eabre. 5nouerlcn actaly-
sit of Ire 24S ri encodiing t-to polyprotojo precuos ggst that0 infectivity and viral assembly, we have constructed RV
botht ES anto El ace preceded by signai peptideos for leanslmaotlon cDNAs which when transfected into COS cells, allow
across tile membreet of the rough erdoplosic ir clttsr. A eereot individual and coordinate espression of the structural
sttudy has provided direct evidenmo that tre putative siquu ptyion
pfreiin E ml.In fact, mendiate tesoaioaln of Ei Ittlean 0t antigens. Usi ng Sol igonucleotide-directed eutagenesis
aIII Jed lroi1. ca,"0 62:4259-4264. T989). In Ibis Study, we oned try baca- we have located sequences which affect targeting and
lovleus exspossec vctor Is furtetr noattoine the processimg Of tho transport of the RV proteins. We also are using thin
Rv gipooprolenms. A rtran poiypmotnln lacking ton putatice i2 s% ecniu to a h cuidNlne lcsltont gpie, brat cnttaining the El sigoal peptide, was Ot cleaved ehiu a h cuidNlne lcs to
mr glymoopia te-; instead, it prdialipy ens degraded Is the nytoplsn. sites In El and E2. Iemunofluorescence studies in
I" Ssated ithat t-te putative Sinai oeptId preceding E2 Is transfected COS cells demonstrated E2 is transported to

a" iosnd Isreguired fly effiminti processing of th polyofo-
tlin This conclusin wet mnierted and oet-end by In vitfo Icons- the plasma Membrane in the absence of El. Translocation
lomatinr ospenininols, using a iwaiiao ceil-tyne oytorT- in Ion of E2 into the endoplasmic reticuum, passage through
Massilt Shethalt too E2 signai peptide is require fom rnsoma- the Golgi apparatus and to the cell surface appears to
lir0" of the E2-El poiyprotln. Ton E2 signai peptide appears to be

aso-smt at metidiated traesiMOtmn of E2 In absence of Ihe El be similar to that of Semliki Forest virus p62/El
signisi peptide. (Tone enpeninsents roeneaied Inst riosoago of ton glIycoprotein in that El is not required for these
t2/Et poiyprotln cerquirest ((0 lyre signal poptlde preceding E2, (2) events. Although El Is not required for the transport
Mlmyosei earanS, s-to (3) seqpueices beyond lice proxim-al one-hnalf
o f the El signai peptide. Th is Suggestls that the pmoleolylic minun- of E2 through the exocytic pathway, we have found that
ago that Separates E2 arid El is Peeforned by the ceiiuiar oneyrre the rate of transport is slower In the absence of El.

igecai petldsto.
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BIOSYNTHESIS AND FUNCTION OF CORONAVIRUS SPIKE PROTEIN SPECIFICITY OF ENZYME-SUBSTRATE INTERACTIONS IN FOOT-
H. Vennema*, L. Heijnen, M.C. Horzinek, P.J.H. Rottier AND-MOUTH DISEASE VIRUS POLYPROTEIN PROCESSING
and W.I.M. Spaan. Institute of Virology, Yalelaan 1, Martin D Ryan,* Graham J Beleham and Andrew M Q King
3584 CL Utrecht, The Netherlands. AFRC Inst. for Animal Health, PLrbright Lab., Ash Road,

In coronavirus infected cells the spike protein (S) Pirbright, Woking, Surrey GU24 ONP, U.K.
is synthesized and glycosylated on RER membranes. In Transcripts derived from a series of FMDV cDNA
transitional elements between ER and Golgi membranes the constructs were translated in a rabbit reticulocyte
S protein is incorporated into budding virions. Virions lysate system. Processing by the L proteinase at the
are transported through the Golgi apparatus and L/IA cleavage site occured when most of the PI-2A
secreted, During intracellular transport the protein was absent. Substitution of sequences up-
oligosaccharide side chains are processed which makes stream of the 2C/3A cleavage site showed that the 3C
the S protein maximally resistant to digestion by protelnase was also able to cleave at an entirely novel
erdoglycosidase H (endo H). A fraction of the S protein cleavage site, apparently at K-I amino acid pairs.
is not incorporated in virions and is probably Cleavage at the 2A/2B site was not only independent of
transported to the cell surface. The biosynthesis and L and 3C proteinases, but occured when 2A and as few
function of the S protein was studied in coronavirus as four 2B N-terminal amino acids were present.
infected cells and in cells infected with recombinant Removal of the C-terminal regions of P1-2A and 2SC
vaccinia viruses expressing the S genes of IB, MIIV and precursors impaired their ability to act as substrates
FIIV. By biochemical analysis of intracellular transport for 3C proteinase activity. Thus, primary processing
using pulse chase labeling Of S protein and endo H activities were resistant to changes adjacent to, or
digestion it was found that the recombinant expression at, the site of cleavage whereas secondary processing
products are transported more slowly to the trans Golgi in trans was sensitive to changes at remote sites.
cisteria than their counterparts in coronavirus infected
cells. Syncytia formation was observed in cells
expressing recombinant S proteins. Cell fusion was
restricted to feline and murine cells for the FIPV and
MHV S proteins, respectively.

we propose that the difference in transport rate is
due to tile incorporation in virus particles. The slow
transport of S protein may be interpreted as transient
accumulation at or near the site of budding to allow
efficient incorporation into budding virions or to
localize the budding event itseli. The cell fusion data
suggest that a specific interaction with a putative cell
receptor is necessary to trigger cell-cell fusion.
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MULTIVALENT INTERACTION BINDS SFV SPIKES AIyDPROTELYTJC ACTIVITY OF RECOMBINANT 3C PROTEASE OF

TO THE NUCLEOCAPSID HEPATITIS A VIRUS (HAV)
Verena Gauss-Muller-, Rainer Deutzmann-

Kalervo Metsikk6* and Henrik Garoff. Dept. of Molecular *ed.Microbiol., Univ.LubecK. FRG, °Inst.Biochem.,
Biology, Huddinge Univ. Hosp.,Karolinska InstituteSweden Univ.Regenburg, FRG

The spikes of SFV are composed of two polypeptide Picornaviral RNAs encode a single long open read-
chains (El and E2) which span the lipid envelope, and a lng frame representing a polypeptide of approximately

third peripheral polypeptide (E3). Only the E2 polypeptide 200 kd. Translation of virion RNA produces precursor

possesses a cytoplasmic tail. A recent approach using proteins which are subsequently cleaved in a series of
idotypic network antibodies shows that this cytoplasmic tail processing steps to yield the mature viral structural

and functional proteins. Comparison of the deduced ami-
and the nucleocapsid have complementary surfaces (Vaux no acid sequence of HAY with other picornavirus indi-
et al., Nature 336, 36-41, 1988), suggesting an interaction cates that 3C of HAY is a cysttine protease. In order to
between these two entities. We have analysed this study its substrate specificity the genomic region of
postulated interaction by direct biochemical assays using a 3C was expressed as protein fused to 5-galactosidase in
synthetic pepfide corresponding to the amino acid E.coli using the pUC and pUR vectors. Extracts ofofteEil. Tespeide formed aioer in transformed bacteria were tested for 3C antigenicity by
sequence of the E2 tail. This peptide formed oligomnrs in lmnunoblot. Next to the expected fusion protein of
aquaous solution. Western blotting of the different peptide about 150 kd proteins of 28, 26 and 17 kd were detected
forms with 35S-labeled nucleocapsid showed that mainly the by an antipeptide ser an. The N-terminal amino acid se-
oligomers bound radioactivity. Because during budding quence of the 28 and 17 kd protein were determined. The
obviously multipoint interactions mediate binding, we data suggest that transformed bacteria produce an auto-
attached the peptide to a solid matrix by bridging it to proteolytically active protease and a polypeptide pro-

Pansorbin via antibodies recognizing the C-terminal duced by internal initiation of translation. The recom-
tof the peptide. This matrix bound the nucleocapsid binant protease (28 kd) induced antisera which were not

segment pable to detect 3C in infected cells but reacted with
efficiently and tightly. Excess of soluble peptide partially proteins translated from synthetic RNA. The recombinant
displaced the binding. Furthermore, SFV glycoproteins protein was insoluble and no transacttvity could be
bridged to Pansorbin via a monoclonal antibody against the measured when recombinant. proteins or translation pro-
E2 luminal portion bound the viral nucleocapsid efficiently in ducts were used as substrates.
a solution containing Trition X- 100 where soluble spikes did
not bind. These results provide biochemical proof for an
interaction. We suggest that multipoint attachment is needed
to obtain stable spike's tail-nucleocapsid binding.
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"Detection of Virus-specific IqM Antibodies in Patients

with an acute Coxsackievirus-B-Infectiun 6y p-Western

EXPRESSION OF THE GLYCOPROTEIN E OF THE Blot Technique"

TICK- BORNE ENCEPHALITIS- VIRUS IN M.R.ZunigB, J.Reicnardt, M.Rogpendorf, H.W.Doerr

E. COLI Department of medical Virology, Centre of Hygiene

W.Tuma, F.X.Heint, C.Kunz. University Clinics Francfort

Institute of Virology, University of

Vienna, Austria. Current laboratory diagnosit of a CBV (Coxsackie-B-
Virus) infection is mainly based on virus isolation,

The gone of the glycoprotein E of the supported by the detection of rising or high virus-

tick- borne encephalitis virus (TBE) specific neutralizing antibody titres. Since such high

was expressed in E.Coll using the titres have also been found in apparently healthy

plasmid expression system PEX-34. In people - probably arised by subclinical infection and

this system the protein is fused to the persisting for a year or more- CBV-IgM detection seems

HS2 polymerase. to be a more reliable criteria for serological diag-

20 monoclonal antibodies (mAbs) raised nosis. Since IgM antibodies capture assays have also

against the virus E protein were used limitations, we tried to develop a type-specific tech-

to analyze the anti-genic structure of nique, an improved micro-western blot (p-WB) -using a

the fusion protein and to determine diffusion-blot and subsequent immunodetection with

which epitopes are expressed. It could biotin-avidin amplified reactions- which enables a

be shown that all mAbs, except two of rapid and reliable identification of CBV-IgM antibodies.

the domain A, reacted in the same way IgM responses found by this test were mostly type-pre-

with the fusion protein and the virus dominant and group-reactive to CBVI, CBV2 and CBV4.

protein E.
In order to localize more precisely

those epitopes, defined by non-

neutralizing mAbs, fragments of the E-

gene were expressed and the resulting

proteins were analysed with the mAbs.

It could be shown that one epitope (Ii)

is located within the 34 amino-terminal

amino acids of the E protein.
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DETECTION AND DIFFERENTIATION OF TICK-BORNE ENCEPHALI- oc TrI(oN BEWEEN THE ALISATION uF VIRAL

TI VIRUS STRAINS BY NUCLEIC ACID SPOT HYBRIDIZATION. ANTIGENS AND FLAVIVIRUS-INDUCED STRTURES

Alexander 0. Pletnev*, Vladimir A. Shamanin, and Mah Lee Ng. Dept. of Microbiology, National

Vladimir I. Zlobin. Novosibirsk Ir-s' itute of Bioorga- University of Singapore, Kent Ridge 0511, Singapore.

nyc Chemistry, 630090 Novosibursk 90, USSR. Studies on several flavuvirus infections in Vero
01 C6/36 culs.1 .,1E -: .- . i •..

Nucleic acid spot hybridization with cloned tick- structure. This structure was ooined as the vesicle.

borne encephalitis virus (IBEV, Far Eastern strain The vesicles are smooth membrane strutures of

5ofjin) cDNA was used for detecti?2 of the viral RNA. 60-80 ra in diameter. Consistently enclosed within

Detection limit of the test with / P/-labelled TBEV these vesicles ws a 'thread-like' structure. These

cDNA as a probe was 10 pg Sofjin RNA. the assay detec- 'threads' have been postulated to be progeny viral

ted different freshly isolated as Well as prototype RNA. In Kunjin virus infection it was observed that

virus strains, the detection limit being 4.3-7.5 Ig these vesicles appeared at about 10 hr p.i. Their

LD units of infectious virus (mice intracerebral numbers increased exponentially until 24 hir p.i.

in ction). The probe cross-reacted with viruses of After 28 hr p.i.. these vesicles were without their

ThE subgroup and didn't react with non-related flai- 'thread' enclosures. This observation was also seen

viruses of Japanese encephalitis and Dengue sub- with West Nile, Dengue-2, Japanese ad Miurray Valley

groups. The viruses of TEE sub-group were differenti- encephalitis viruses although at Lifferent times

ated fioe virus Sofjin by the melting temperature of after infection. The cell microtubules Were also

RNA-DNA hybrids, rearranged in Kunjin and West Nile virus infections.

Field collected ticks were tested for presence of Using immuinofluorescence studies the NS3 protein was

T8EV RNA. Results of hybridization were in a good found to be affiliated with the aicrotubules.

agreement with ELISA and virus isolation data. IluiSmogold technique revealed the NS3 and NSI

Synthetic deoxyoligonucleotides complementary to proteins to be diffused throughout the cytoplasm but

[BEV (Sofjin) genome RNA were used to differentiate the E protein was present in sparse qantitv in the

TEFV strains and related viruses of TBE sub-group iso- cytoplasm. The NS3 protein was also seen located

lated from different geographical areas. These probes evenly along the plasma membrane but only clumped

revealed genetic heterogeneity of TBEV strains. Number deposits were seen for NSI and E proteins. However

of oligonucleotides hybridizing with a paticular virus none of these proteins were associated with the

was assumed as a quantitative measure of similarity to virus-induced vesicles and their 'thread' enclosures.

virus 5ofjir. A pattern of hybridization of IBEV

strains with a panel of oligonucleotide probes corre-

lated s)gnifirent!y with the source of virus strain

(stravos isolated from patients versus ones isolated

from ticks), and correlated only to a small extent

with the geographical distribution.
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ASPARAGINE-LINKED OLIGOSACCHARIDES OF SEMLIKI TRANSMISSION OF HEPATITIS IE VIRUS TO OWL MOEYS (AOTUS
FOREST VIRUS GROWN IN MOSQUITO CELLS TREATED TRIVIGfS). J Ticjhurst- , L Todes 

, 
K Kfawczynsk 

,

WITH INHIBITORS OF N-LINKED OLIGOSACCHARIDE L Asher , W Engler , J Cauaill M Sjogren 
, 

C Hoke , j

TRIMMING LeDuca, D bradleyJ, L Binn . Malter Reed Army Inst

Hussein Y. Haim* and Hans Koblet; Institute of jes, 'US Army Res Inst Infect Dis, iCtrs Dis Control,
Hygiene and Medical Microbiology, University Armed Forces Inst Path, USA

of Berne, Switzerland Hepatitis E virus (HEV), a proposed designation for
An increasing interest in glycoproteins the agent of enterically-transautted non-A, non-B

and their carbohydrate moieties has led to the hepatitis, is a positive-strand RNA virus that has

development of numerous techniques for the caused disease in both hemispheres and in populations
preparation of glycopeptides and oligosaccha- likely to have been infected with many enteric viruses

rides. Semliki Forest virus (SFV) is a good during childhood. It has been difficult to establish
model for such analysis. Previously, we have animal models of HEV infection; among several
shown that in cells treated with trimming susceptible species of primates, cynomolgus monkeys
inhibitors, Endo-H sensitive glycans were have been the most useful. Efforts to understand the
formed, and the produced virions were bio- virus and its epidemiology have been haiTered by
logically active. In the present study we have limited amounts of HEV and by low concentrations of
analysed the carbohydrate side chains of SFV- anti-EV in most convalescent-phase sera. We

envelope glycoproteins, after treatment of inoculated 6 owl monkeys with feces from Mexico known

Aedes albopictus cells with 1-deoxynojiri- to contain infectious HEV. All seroconverted and had
mycin(dNM), deoxymannojirimycin (dMM) or swai- high levels of anti-EV (detected by ITEN) 6 months

nsonine (Sw). In vertebrate cells these drugs after inoculation. Three had biochemical and

inhibit the action of glucosidases I,II and histopathologic evidence of hepatitis, but HEV was not
mannosidases I and II respectively, detected in their feces by I4. HEV antigen ss

Our results show inhibitor dependent glyco- detected by intitnofluorescence analysis of live, tissue
sylation of the produced virions. When cells from 2 of 4 biopsied owl monkeys. (All 5 cynomlgus

were treated with dNM, the oligosaccharides mnkeys given the same inoculum developed hepatitis;
GIcMan-_GlcNAc were detected; and with Sw, one, studied in detail, seroconverted, had REV antigen
Man,-,GlcNAc were formed; finally, structures in liver, and excreted REV particles into bile and
such as Mana.,GlcNAc could be found when cells feces.I Although these owl monkeys did not excrete
were treated with dMM. detectable HEV or ui.forrnly develop hepatitis, all were

infected and developed sustained high-level antibody
responses that may be valuable 1-. understanding
imimunity to HEV and for developing rapid imeiunodssays.
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SIMULTAE0US QUANTITATIVI DETECTION OF MULTIPLE PLAT NUCLEAR ACCUMULATION OF DELIVERED SEMLIKI
IpUhiS 8 TIME-RESIL EO F LUORSIMMUNOASSAY FOREST VIRUS CAPSID PROTEIN.

Mart Saarma-, Elena Andreeva, RlimO 5inijarv and Lilian M.R. Michel*, M. Elgizoli, Y. Dal, and H.
Jarvekul 1 . Institute of them.Physics & Biophysics, Koblet; Institute of Hygiene and Medical
-tc .an Acad.5ci., 200026 Tallinn, Estonia/USSR MiurAjicl.-y, Univ. of Berne, Switzerland.

Simultaneous detection ir two or more antigens Jr, As shown elsewhere, capsid (C 'protein of
one sample is of considerable interest in many research Semliki Forest virus transferred into various
areas and in routine diagnostic work. Hosts are often target cells by electroporation, liposome, and
infecttl by several viruses at the same time and simul- red-cell-ghost mediated delivery affects
taneous detection of two or more viruses is advantageous protein synthesis in a pleiotropic fashion
Potato plants have often single or ultiple infection (Elgizoli et al., J. Virol., in press). Small
with potato virus X(PVX), M(PVM), S(PVS), A(PVA) and amounts (10 to 101 copies per cell) induce
potato leafroll virus (PLRV). Thus, large scale, rou- the synthesis of specific M. classes of
tine virus detection in potato plants requires at least cellular proteins, whereas high amounts ( 1 0 5
mm' independent DAS [LISA assays for a single plant to 101 copies per cell) act as a general
specimen. Sensitive rime-resolved fluoroimmunoassay synthesis inhibitor. Here we show that similar
, IR-FIA) with lanthanide-labelled antibodies opens up to induction, repression of protein synthesis
the possibility for multiple labelling, since fluores- lasted only for about two hours after delivery
cent lanthanides Cu3, Tb3-, m3+ and y have narrow of C-protein. The repression was followed

olded emissiun lines clearly distinguishable from each thereafter by an unexpected, short lived
other. for simultaneous quantitative detection of two induction of protein synthesis. Evidence is
antigens in one sample, monoclonal antibody (MAb) to PUM presented showing that delivery of C-protein
.as labelled with s lanthanide (70+ and MAb to PLIX with into the cytosolic compartment resulted in its
another lanthanide 5m3+. A minture of these MAbs was rapid confinement to the nucleus at the

aed for coating and the labelled MAbs were used as a expense of C-protein present in the cytoplasm.
conjugate. Afher performing the immunoreactions, the In addition, morphological studies as well as
fluorescence of the dissociated lanthanides was measured subnuclear fractionation revealed that the

at different wavelanghs in a time-resolved fluorometer majority of the delivered C-protein molecules
to quantify PVM and PVX amount in a sample. Double-label had a high affinity for nucleoli.
TR-FIA detected Ing/ml of each virus in a single assay.
Triple-label TR-FIA, where Eu+, Tb3+ and Sm+-labelled
MAbs were used, detected lOng/ml of each potato virus
simultaneously. Thus, the quantitative double- and
triple-label TR-FIA is at least as sensitive as [LISA.
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TRYPSIN SENSITIVITY OF SEVERAL HUMAN RHINO- TYPING OF HUMAN RHINOVIRUSES BASED ON SEQUENCE
VIRUS SEROTYPES IN THEIR LOW pH-INDUCED CON- VARIATIONS IN THE 5' NON CODING REGION
FORMATION Helge Torgersen-,Dieter Bluas and Tim Skern.

Heinrich Kowalski, Inn rid Maurer-Fony
1
, Gert Institut fur Rochemie, Wahringer Str. 17,

Vriend
2
, Georg Casuri

" 
, Anton Beyer and Vienna, Austria.

Dieter Blaas . Institut fir Biochamie, Wah- Unambigous assignment of restriction

ringerstr. 17, A-lO0 Vienna, Austria. 'Dr. enzyme patterns to six individual serotypes

Ernst Boehringer Institut fir Arzneimittel- (two sets of closely related ones, HRV1A and

forsehung, Or. Boehringergasse 5-11, A-1120 HRVIB and HRV2 and HRV49 together with the

Vienna, Austria, 2Dept. of Crystallography, much less closely related HRV14 and HRV89)

University of Groningen, Nijenborgh 16, of human rhinovirus was accomplished after

NL-9747 AG Groningen, Netherlands, 
3
1nstitut amplification of a 38B ip DNA fragment derived

fir molekulare Pathologie, Or. 8ohrgasse 7, from the 5' non-coding region using the PCR

A-l030 Vienna, Austria technique. This was possible even though the

Human rhinoviruses were examined for closely related serotypes 1A and IB and

sensitivity to trypsin at physiological pH serotypes 2 and 49 differed only in 10 and 17

and after exposure to low pH. HRV1A, HRV2 and nucleotides respectively in this region. This

HRV14 were found to be resistent whereas in method utilizes the conserved and variable

serotypes HRV49 and HRVB9 degradation of VP2 components of this part of the genome and

was observed. However, exposure to low pH led provides the basis for a simple and rapid

to rapid cleavage by trypsin of VPl in HRVIA, typing of human rhinoviruses.

HRV2 and HRV49 at defined sites followed by

degradation of VP2. The cleavage site in VPl

was determined for HRV2 and was shown to occur

between Arg260 and Thr261, close to the C-

terminus. As the cleavage site is most pro-

bably buried inside the capsid, structural

rearrangements of the viral capsid are thus

necessary to account for the cleavage observed

after low pH treatment.
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CHARACTERIZATION OF RUBELLA VIRUS GLYCOPROTEIN E2 PERSISTENT INFECTION OF K562 CELLS BY
OLIGOSACCHARIDES. ENCEPHALOMYOCARDITIS VIRUS
M. L. Lundstrom*, C. A. Mauracher and A. J. Tingle. Ingrid U. Pardoe NI. Pah Baldeh, lawed Hamid. Kanwal K.
Department of Pediatrics, The University of British Grewal & Alfred T.H. Burness. Faculty of Medicine, Memorial
Columbia, 950 West 28th Avenue, Vancouver, British University, St. John's, Newfoundland, Canada AIB 3V6.

Columbia, V5Z 4H4, Canada. Based on the paucity of published reports, it appears
Rubella virus glycoprotein E2 is a constituent of that establishment of persistent infections by encephalo-

the viral envelope. It has i molecular weight of 42,000 myocarditis (EMC) virus does not occur readily. It was

-47,000 D and Ia highly glycosylated. The fully surprising. ,herefore, to find that persistently infected

processed E2 found in mature vtirons is a very hetero- cultures were established with ease when EMC virus infected

aenous species, which is belle'ed to be due to human leukaemic K562 cells. Is contrast to the usual typical
differences in glycosylation. the difference in MWy lyric infection by EMC virus where trypan blue staining of

between unglycosylated and fully processed E2 is more cells reaches close to 100% by about 15 hr post-infection,
than 12,000 D, suggesting that at least one of the three K562 cel cultures required 3 to 4 days following infection

available glycosylation sits becomes glycosylated with to reach a maximum of about B0% cells stained. The proportion

an unusually large oligosaccharide. The high degree of of K562 cells taking up stain gradually decreased to about
heterogeneity of mature E2 also indicates that the 10% of those present by about 13 days post-infection; during

carbohydrate moiety is subject to extensive processing, this time, virus yield per day measured by either plaque or

In order to determine the structure of the carbo- haemagglutination titration fell about ten fold. In some

hydrate moiety of E2, the structural proteins of the cultures, this dtcrcase in per ccnl stiinng as followed by

rubella virus strain M33 were purified using poly- later waves of increased staining accompanied by increased virus
acrylamide gel electrophoresis and subsequent electro- production. Virus-producing cultures have bean maintained for

elution of protein bands. Purified F1, rzdiolauelled over 3 months. Evolution of both virus and cells accompanied
with 3H-Gli cN, was digested with pronase and the the establishmeot of persistence in that plaque size changed

resulting glycopeptides were analyzed using HPLC. column from about 7 mm in diameter for the original virus to less

chromatography and Sepharose- or Agarose-bound lectins. than 1.5 mm by day 20 post-infection and the majority of
Uiycopeptides were also digested with various cells cloned from persistently infected cultures were resistant
glycosidases and the change in size was monitored by gel to superimfection with original virus. Resistance was due, at

filtration, least in part, to reduced virus attachment in that binding
of aM-virus to cloned resistant cells was about 1.7% of that
to uninfected cells. The possible presence of viral products
in the resistant cells and defective interfering particles in
the virus population are presently under investigation as

part of this continuing study. Work supported by the Canadian
MRC and the Canadian Diabetes Association.
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MECHANlISM OF ASTROVIRUS ENTRY INTO 293 CELL LINE CREATION OF AN ANTIGENIC SITE IN POLIOVIRUS TYPE I BY
Superti F . Tinari A._ Marziano M.L., DOnelli C. ASSEMBLY OF 14 S SUBUNITS
Department of Ultrastructures, Istituto Superiore di BI. Romhati A. Boeyfi', M. Fergusont, P. Minor',
Saniti.t Vietle Regina Elena 

2
99-O0thl-Rome, (Italy). A. Messer' and R. Rueckert'. 'Dept. of Microbiology &

In order to investigate the cell entry pathway Hdygiene, Vrije Universiteit Brussel, Brussels, Belgium,
of aerotype 1 human astrovirue. different lysosomo- 'Natl. Inst. for Biological Standards & Control,
tropic agents (ammonium chloride. methylamine and Potters Bar, U.K., 'Inst. for Molecular Virology and
dansylcadaverine) and a ionophore (monessin) have Dept. of Biochemistry, Univ. of Wisconsin, Madison,
been evaluated in their ahility to interfere with the U.S.A.
infection of a human emhryo kidney cell line 1293).
In fact, these compounds are known to raise endosomal 14 S subunits are ircotamers of the structural unit

and lymosonial pH by different mechanisms. Virus comprising one molecule of each of the capsid polypep-

attachment to cell monolayecs ws. allowed to occur at tides VPO, VPI and VF3. These 14 S subunits are assem-

IOC; then viral penetration ws induced by temperau- bled into virions. On poliovirions, four different

re shift at 37*C. Rate of infection was monitored by antigenic sites have been recognized. Site 1, which is

indirect imnunoifluorescence after 24 hours. The fin- ivvuvodominant in poliovirus type 3, hut of lesser im-
dings of our experiments showed that all drugs teated portance in type I, is continuous, whereas the structure

were not nirucidal and did not interfere with the of' the other antigenic sites appears to be more complex.
virus attachment step. On the other hand when the Niiveteen neutralizing nonoclonal antihodies tar-

s:a compounds. were added, following viral binding, geted against the four known antigenic sites of polio-
antg en syntheis wa Bignificantly Inhibitead. All virus type I were tested for their binding capacity of

drs ga act ed hon the early stages ofI infection and 14 S subunits, All 13 antihodies targeted against
ammonium chloride wa the most effective. Results antigenic sites 1, 2 and Id recognized 14 S suhunits,
obtained suggest t hat human astrovirum entry follows whereas none of the 6 antihodies specific for site 3B
an intcavesicular route requiring a pH dependent did so.
process fot viral genome relese in the cytosol. I a ecnlddta he u ftefu
These data have been supported by electron micriscopy naijor antigenic sites (1, 2 and 3A) are already present
obuervations on infected cells in which viral parti- on 14 S subunits, Site 3B, in contrast, is only present
cles have bees detected whitbin coated vesicles. ,if citions arid spans the boundary between pentavers in

tire %irion. As this anitgenic site is created by assem-
bly of 14 S subunits it might be colled a "neorope'.
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ANTIGENIC PROFILE OF CHIKUNGUNYA VIRUS MONOCLONAL ANTIBO0DIES TO DENGUE TYPE 1
A.L. Schmaljoin- and J.M. Dalrytmple NONSTRUCTURAL PROTEIN NS3
USAMRUID, FL Detrick, Frederick, MD, USAC.C.Tn.R.U00Y.Cla

Chikungunya virus (CHIK) is an alphavirus endemic to Daarriv C. Tiarn*.oE H N arrnd UiasY C l Changp
Africa and Asia, where it causei human disease Cbaiaeenzczd DeatetoIMrblgNationa ierst fSna
by fever, artliraigia. and freqient arthiritis. To facilitate cfforts
in the development of vaccines protective againit the greatest Dengue viruses sosies thare are 4 serntpoas cause dengue lever and the
possible array of medically important alphaviruses. we initiated more sever@ dengue haamurrhagic laearidengue shoes Syndrome In

animal protectio studis. encalops proteins of dangue 2 vrrus, contary tostudies of Cl-iK imonanobiology. Aiiayi with potyclonal sera coventional lrrokiNg. id vol provrde significant proteetiss against dengue
underscored the natural polymorphism of neutralization virux chtallenge In contrast, passive pratectron rn mice has been
epitopes: not only was there poor c-oss-nieutratization with demonstrated arth rmonoconal antibodies to Nil of dengue 2 virus and
other members of its antigenic complex (e.g., Semlilki Forest. active protection asirng Ni The aim 01 this Prolac was to study thre

rmmiunologocaI significance of tha nonstruetual protein NS3 usingMayaro, and Ross River viuses), there was considerable monoclonal antibodaes prepared againsr dengue I virus The munneinnats
heterogeneity among variout CHIK isolates. However, produced ware selected by ELIIA using slnfeted C"rl cell lysats ahoch
antibody-mediated complemerit-deptendent cytolysis, known in has been foand to contain novsliaChinal proteins in westrn hints ehen
many cases to be a correlate of protection by non-neslrlizing tasted against mouse hypimmuve serum. ELISA pnsitrve hybrids mere
antibodies, denmonsnrated great Bimilarity among CHIK strains cloned bp Irmiting dilulion twane and further characterrsod by nwestern blot

An indirect immunoutoscovr essay IAI as used to confrrm theand some potential for crosa-reactive protection with disparate presence of dengue virus antibodies. Pout mtonoclonal antibodies that mere
alphaviruies. Monoclonal antibodies were uted to establith that positive in IFA ware selacted tot furthrer studies, These showed o reactivty
two conserved epitopies were homologous to El tcopologi sites in complement lisatron and haemnagguivaio i nhibition tests By
previou~ly shown to be involved in protection against Sincdhis radrimrmunofpecptaron using 13531 metlrronive la, sted C6136 call exuct.
virus, while other cell-surface epitopeg, not yet characeized inths ;antbde p-pvdated twn proteits of mlec., eightssimilar to
detail, were restricted to cHI-t and ctosely retated virtuses. NS3 fusion protein exyressed Iron a recombinarnt ptasmid, PATH 10
Unlike busnoral responses, lyniphoproliferative assays -- taken NUIIEco-Eco)S [provided by V Deubll This luon Protein contains
as crude measures of T cell responsiveneas -- did not reveal approximately 40% of the earboxy retminer of the NS3 Protein. Antibody
cross-reactivity between CHIK and distantly related studies in patients with the Trp E-NS3 fusion protein as well as passive
alphaviruses, Siodhis and Venezuelan equine encephalitis protection studies with Ins monoclosals p oduced willr be performed
viruses.
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NEUTRALIZATION OF POLIOVIRUS ANTIGENIC SITE-SPECIFICITY OF ANTIBODY RESPONSES TO
Klaus Wetz TYPE 3 POLIOVIRUS IN MIQE
Heinrich-Pette-Institut fUr Experimentelle Virologie M.Roivainen#*, M.Murray

3
, E.Wimmer§, and T.HoviO,

und Immunologie an der Universitit Hamburg, Martini- #National Public Health Inst, Helsinki, Finland and
strasse 52, 2000 Hamburg 20, F.R.G. §State Univ of New York at Stony Brook, New York,NY,USA

Among different mechanisms of virus neutraliza- Groups of Balb/c nice were immunized with intact or
tion one seems to be essential which is suggested to trypsin-cleaved type 3 poliovirus/Saukett or with a re-
stabilize the capsid by cross-linking subunits with combinant polionirus containing, in the type I/Mahoney
bivalent antibodies and thus preventing the virus basic structure, the exposed trypsin-sensitive BC loop
from being uncoated. This is supported by the obser- of VPI as the only component from the type 3/Leon virus
vation that after cleavage of the antibodies into Fab (Ref.l). Similar preparations were used as challenge
fragments, virus infectivity is completely restored, virus in assays measuring neutralizing antibodies.
while the Fabs remained on the virus surface. This Intact type 3/Saukett virus induced antibodies
effect could be simulated by cross-linking poliovi- targeted mainly to the BC loop of VPI, which is a
rus with a bifunctional reagent by introducing di- central pi t of the designated antigenic site I. The
sulfide bridges between subunits, which reduced in- level of hes antibodies decayed rapidly while the
fectivity by more than 99%. It could be shown that response to other antigenic sites became more prominent
VPl-VP3 were cross-linked. Upon cleavage of the during th three weeks'observation period. Mice
cross-links using mercaptoethanol, infectivity was immunized with the trypsin-cleaved type 3/Saukett virus
restored as well. It is therefore suggested that also developed antibodies to the BC loop of VPI but the
neutralization occurred only if antibodies are bi- proportion of antibodies targeted to other antigenic
valently bound. There is evidence that virus which sites was greater than in the case of the intact virus-
has been neutralized using different methods pene- immunized mice. Recombinant virus-induced type 3-
truted into HeLa cells. Virus treated with Gluta- specific antibodies were all targeted to the C loop of
thione could be reisolated from infected cells and VPI and consequently, could not neutralize tryps-in
was fully infective. Likewise was chemically cross- cleaved type 3 polioviruses.
linked virus and antibody-treated virus reisolated These results suggest that by using trypsin-cleaved
from cells, while antibodies alone did not enter poliovirus as an injectable immunogen it is possible to
cells. It is suggested that upon chemical cross-link- modify the antigenic site dis.ribution of the induced
ing of subunits at the virus surface with few bridges antibodies towards a pattern similar to that observed
a cooperative conformational change of the virus in mar afterpolsovirus infection.
shell is blocked, which, under liberation of the RNA, References:
leads to an infection. A similar mechanism probably (1) Murray et al.:Proc.Natl.Acad.Sci. 85:3203-7, 1988.
occurs with antibody-bound virus. (2) Roivainen and Houi:J Virol 6l:3749-53, 1987.
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RECEPTORS FOR RUBELLA VIRUS ON VERO CELL MEMBRANES EFFECT OF AMMONIUM CHLORIDE AND CHLOROQUINE ON THE
IP.Mastromarino*, %L.Cio&, HS.Rieti, SN.Orsi. GROWTH OF RUBELLA VIRUS IN VERO CELLS
§Institute of Microbiology and lnstitute of Virology, §P.Mastromarino*, 'L.Ciod, §S.Rieti, §N.Orsi.
School of Medicine, University of Rome "La Sapienza", §Institute of Microbiology and ^Institute of Virology,
Rome, Italy. School of Medicine, University of Rome "La Sapienza",

Membrane receptors for rubella virus (RV) in Vero Rome, Italy.
cells were studied by means of two different To study the penetration and uncoating processes of
approaches: I) by enzyme treatment of the whole cell Rubella virus (RV), we analyzed the effect of ammonium
membrane and ii) by testing the ability of isolated chloride and chloroquine, known to increase the pH of
plasma membrane molecules to compete with cells for intracellular vesicles, on the infectivity of RV in
virus binding . The susceptibility of enzyme treated Vero cells, under one-step multiplication conditions.
cells to RV infection was assessed by indirect The lysosomotropic weak bases inhibited viral
immunofluorescence assay. Phospholipases A2 and C replication monitored by indirect immunofluorescence
digestion greatly reduced the infectivity by the virus, assay. A total inhibition was achieved when ammonium
suggesting the involvement of lipid structures as chloride (20 mM) and chloroquine (0.05 mM) were present
receptor sites for RV. When the major membrane lipids during a complete replication cycle (48 hr), after
were examined separately for their ability to inhibit viral adsorption on cell membrane (I hr, 4 C). The
viral infectivity, several phospholipids (phosphatidyl- time course for the inhibition during the first 24
serine, phosphatidylinositol, phosphatidylethanolamine, hours was determined by adding/removing the drugs at
phosphatidylcholine, sphlngomyelin) and glycolipids different times after the virus addition. The presence
(cerebroslde sulphate, lactosylceramide, gangliosides) of the agents in the first 2 hours did not modify viral
showed a strong neutralizing activity. This effect was replication. At subsequent time there was a time-
dose dependent. The replication of lipid treated response relationship with 502 inhibition at 6 hours
rubella virions was studied wlth both molecular and a 1002 inhibition at 12 hours. The time required
hybridization techniques and indirect immunofluorescen- for viral infectivity inhibition by the lysesomotropl
ce assay. RV specific recombinant plasmids were used agents corresponded to the latent period of the virus
as probe for the detection of virus sequences in the and to the first detection of viral RNA synthesis.
various experimental conditions.
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EFFECT OF POLYIONS ON SINDBIS VIRUS-CELL INTERACTION FUNCTIONAL ANALYSIS OF A PANEL OF MONOCLONAL ANTIBODIES

GENERATED AGAINST THE NON-STRUCTURAL GLYCOPROTEIN, NSI
F. Mastromarino*, C. Canti, K. Lapadula, N. Oral. OF DENGUE TYPE 2 VIRUS (PR159).

Institute of Microbiology. School of Medicine, A K I Falconarf and P R Young, Dept of Clinical

University of Rome " La Sapienza", Rome, Italy. Sciences, London School of Hygiene and Tropical

The involvement of electrostatic interactions in Medicine, Keppel Street, London WClE 7AT, UK

the binding of Sindbis virus to cell membrane recep- Antibody mediated enhancement of viral replication
tors was studied using several polyanions and has been implicated in the pathogenesis of dengue
tore as sTuded using severa poly antoinserandehaemorrhagic fever, In an attempt to circumvent the

polyrations. The capacity of polytons to interfere problems associated with eliciting an immune response

with viral atrachmemt was tested on Vero cells, directed against structural components of the vIrion,

susceptible to infection, and on binding and fusion the protective capacity of the non-structural glyco-

of goose erythrocytes. The agents were incubated with protein, NS has been assessed. Both active and
Vein cells inoediately before, during or after passive protection with homologous but not heterologousdengue virus serotypes have now been demonstrated.
exposure of the cells to Sindbis virus. Aeparin While common epitopes within the dengue group have

inhibited plaque formation only when present during been identified by a number of workers using poly-

virus adsorption. In contrast poly-L-lysine and clonal sera, no monoclonal antibodies (nAbs) have

protamine had inhibitory effects whether they were been described which would allow a detailed analysis

incubated with cells before or during exposure to of Potential cross-protective epitopes.
virus. None of the polyions was able to inhibit viral In this study, affinity purified dimeric NSI of

dengue 2 (PR159) virus was obtained using high pH

attachment to erythrocytes, whereas the hemolytic elution. MAbs obtained froms mice ismunized with this

activity was sensitive to mucin and polygalacturonic protein have yielded a number of diser specific

acid. All these results suggested a role of membrane clones as well as a panel of mAbs showing a variety

proteoglycans as Sindbis virus binding sites; of cross-reaction patterns within the dengue group.

therefore the effect of heparinase and choodroitin ABC Several clones describe both linear and conformational
epitopes common to all serotypes of dengue viruses.

lyase digestion on the sunceptihility of cells to A number of these clones also cross-react with other

viral binding has been studied. flaviviruses, most notably with members of antigenic

group II. These mAbs have been studied for their

ability to fix complement, lyse virus infected

target cells in vitro and to confer passive protection

in mice against live dengue virus challenge,
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MUk5NE T LYMPHOCYTE RESPONSES TO DENGUE VIRUS AND IDENTIFICATION AND PRESENTATION OF THE ANTZGENZC
VIRAL PROTEINS SITES OF 01 KAUFBEUREN FOOT-AND-MOUTH DISEASE

Alan L Rothman
* l

. Ichiro Kurane
l
, Yi-Ming Zhang

2
, VIRUS e s L 

2

ChIng-Juh Lai
2
, and Francis A. Ennia

1
. Univ of Mass J.D.A. Kltson

2 . , 
G.J. Belsham

, 
K.L. Burke and

Medical Center, Worcester, MA 01655. Laboratory of J.W. Almond

Infectious Diseases, NIA, Bethesda, MD 20892.

We have studied the in vitro responses of spleen ]AFRC Institute for Animal Health, Pirbright, Woking,

cells from dengue virus-immune mice as a model of human 2
Surrey, U.K.

lymphocyte responses to dengue virus. Mice were University of Reading, Reading, U.K.

immunized with one intraperitoneal dose of live dengue

virus. Spleen cells from mice immunized with any of

the four dengue serotypes showed significrntly higher Four antigenic sites have been identified on 0
levels of proliferation when incubated with an antigen keaufbeuren FMDV by the characterization of sonoclonal
of Veo cells infected with the same dengue serotype

than when incubated with a preparation irom uninfected antibody escape mutants. Two sites involve amino

Vero cells. The proliferating cell population was VP2 while the fourth site consists of residues from

predominantly Thyl.2
+ 

L3T4
+ 

LytZ-. This prol'iferative VP3. olio/FN V chiserie viruses have been

response was predominantly serotype specific, with a cs te ith seec corres to e

lower level of serotype cross-reactivity. constructed, with sequences corresponding to the
Vira prtein exressd i Sf9cels wih are-antigenic regions of FMDV inserted into antigenicVfirai proteins enpressed in Sf9 cells with a re- site I of poliovirus. One of these polio/FADS

combinant baculovirus were used to identify viral citerIs is nestras e by th-sD mAls andp

proteins responsible for the proliferation. Lympho- chimaeras is neutrallsed by eot-FMDV mAbs ad poly-

cytes from dengue 4 virus-immune mice showed high cn era. hegoted.

levels of proliferation in response to a preparation is baing inestigated.

expressing dengue 4 virus C, pre-M, E. NSI, and NS2a

proteins. A preparation expressing only dengue 4 virus

E protein also induced a proliferative response,
although to a lesser extent.

T cell clones have been established from dengue 2
virus-immune mice by repeated stimulation with dengue

2 virus antigens. The clones express the Thyl.2
+

L3Ti
+ 

Lyt2" phenotype. Proliferative responses of the

clones are predominantly serotype specific, similar to

the resporses of immune spleen cells in bulk culture.
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THE CONSTRUCTION AND CHARACTERIZATION OF POLIOVIRUS: RECEPTOR GROUPING OF ENTEROVIRUSES

HIV-1 ANTIGEN CHIMAERAS I *Karen L Hadingham
t
, David J Cockburn

x
, and Jeffrey W

David Evans, Jane McKeatIng , Karen Burte, Janet 2 Almond*. Department of Microbiology, University of

Meredith, Mrag Ferguson , fers Estrak , Philip Minor
2
, Reading, London Road, Reading, Berks, RGI 5AQ, UK;x '

Robin Weiss ad Jeffrey Alond. Genetics Laboratory, Department of Biochemistry,
Department of Microbiology, Unlv1 rslty of Reading, University of Oxford, South Parks Road, Oxford, 0Xl 3QU

London Road, Reading. ROl IAQ. Cheiter Beatty UK.
Laboratories. Pulha Road, London. NIBSC, South Muses, Cell tropism and host range restriction in picorna-

Potters Bar, Harts. viruses is largely determined by cellular receptor
Following the successful construction of an specificity. It has been shown that each of the>100

intertypic poliovirus chimaera by Burke at al., human rhinovirus serotypes bind to human cells via one

(Nature 332:S-82) we hav used antigenic site I of the of only 2 classes of receptor. Similarly, the 3 sero-

live-attenuated Sabin type 1 vaccine to present epitopes types of poliovirua bind to a common, unique, receptor.

from Numan Immunodeficiency Virus (NIV-l). Viable However, very little grouping of the>30 other human
antigen chimaera$ have been generated that express enterovirus serotypes according to their receptor

known and predicted epitopes from the envelope specificities has been performed. Human-rodent somatic

glycoprotels (gpl
2
0, gp4l) of the HTLV-IIiB strain of cell hybrid lines are being u;ed to perform such

HIV-I. The antigenicity and immunogenicity of the grouping. The chromosome complements of survivors of

chimera, containing 18 residues derived free gp42 virus infection are being studied to establlsh the

haa been shown to induce group specific neutralizing chromosomal location of the receptor genes.

antibodies in rabbits. We have demonstrated that

antigenic site 1 displays considerable flexibility,

both in the number and sequence of seine acids that

can be accomodated. These studies eatablish the

potential of poliovirus as a vector for the expression

of foreign epitopes, which may have implications for

future vaccine design.
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PRELIMINARY CHARACTERISATION OF THE RECEPTORS DETECTION OF THE HUMAN RHINOVIRUS MINOR

INVOLVED IN KUNJIN VIRUS ENTRY VERO CELLS GROUP RECEPTOR ON RENATURING WESTERN

Lionel L.C Lau-, ay Lee Nq and Claudia L.C. Wong. BLOTS

Department of Microbiology, National University of Harald Mischak, Christoph Neubauer,

Singapore, Kent Ridge 0511, Singapore Berthold Berger*, Ernst Kuchler and

Evidence have shown that entry of Kun)ji virus is Dieter Blass, Institut fir Biocheme

via receptor mediated endocytosis. Data from Wahringerstr. 17, A-1090 Vienna, Austria

interference studies showed the receptors to be unique The human rhinovirus minor group

to Kunjin virus. When West Nile or Sindbis viruses receptor was extracted from HeLa cell

wnre exposed to Vero cells simultaneously with Kunjin membranes and partially purified. Re-

virus the rate of entry of the viruses were similar to ceptor activity was detected on Western

that of single infection by each virus. There was also blots by binding of 35s labelled human

no interference when Sindbis or West Nile virus was rhinovirus serotype 2 (HRV2) to the immo-

coinfected with tunjin vi . The intracellular virus bilized protein at a position correspon-

yields after the adsorption period was similar to ding to a molecular weight of 120 kG. The

single infection by each of these virus. Further properties of the filter-immobilized

characterisation was made using a range of proteases receptor were assessed and found to be

ad glycosidasen The preliminary data showed that the very similar to those of the HeLa cell

entry of unjin virus was inhibited by pretreatment of membrane-associated protein.

the cells with these enzymes, indicated the receptor
may be a glycoprotrin. Initial results show that the

activities of alpha-glucosidase and alpha-qalactosidase

appear to inbibit virus adsorption.
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MODELING OF TIlE Cl DOMAIN OF INTRACELLULAR COMPONENTS OF NEUFITALIZATION: THEIR
ADIIESION MOLECULE I (ICAM-I), TIlE IIUMAN IMPA(T ON VARIATION IN A POLIOVIRUS NEU-
RHINOVIRUS MAJOR GROUP RECEPTOR. TRALIZATION ASSAY
\ incent L. Giranda*, Michael Chapman, Michael G. Rossmann, Mark A. Pallansch, Kaija Maher, and Tamira Van Noy

Purdue University, West Lafayette, IN U.S.A., and Donald E Enterovirus Laboratory, Centers for Disease Control,
Staunton, Timothy A. Springer, Harvard Medical School, Boston, Atlanta, GA 30333 USA
MA U.S.A. The neutralization assay for measuring antibodies to

ICAM-I has recently been shown to be the cellular receptor poliovirus has been used extensively to determine efficacy

Cfor e major group of rhinoviruses (Sho unton et a). (1989) Cell, of vaccination policies worldwide and an individuals resis-
tance to possible infection. Despite nearly four decades

56, 849; Greve et at., (1989) Cell, 56, 839). The sequence of as the cornerstone of in vitr measurements of host im-
ICAM-l suggests it is a member of the immunoglobulin munity, many components of this assay have not been
supergene family and is consistent with five immunoglobulin like carefully considered during efforts to interpret results bet-
domains (Staunton et at., (1988) Cell, 52, 925). The Cl domain ween different tests both within and among different
of ICAM-I is modeled using structural and sequence information laboratories. We have examined the effect of 1) the
to gain insight into the viral-cell surface interaction. The starting possible mechanisms of neutralization, 2) the variation in
point for the ICAM- I modeling is the known structures of the CL, virus concentration, 3) the variation in end point estima-
CI, C2, C3 IgG domains. These domains share a common seven tion, and 4) mechanical and logistic factors as they affect
strand beta sandwich secondary structure which allows them to be variation. We have used this information to implement
structurally aligned. The sequence of the CI domain of ICAM-I several practical modifications and refinements to the
is aligned with the sequences of the immunoglobulin domains microneutralization assay and applied these changes to a
with known structures, which allows the formulation of three project involving 24,000 neutralization assays performed
dimensional model of the ICAM-I Cl domain. The model over a period of less than one year. Use of these proce-
permits docking of complementary surfaces and charges between dures gives an accurate method to correct for daily dif-
the Human Rhinovims-14 canyon and the ICAM-l. The ICAM-1 ferences in test sensitivity. This approach to test develop-

ment has implications for many biological measurements
C1 domain model fits well into the rhinovirus canyon where it of the virus-host interaction.
covers residues which are known to be important in viral
attachment to cells, as determined from mutational analysis
(Colonno et at., 11988) Proc. Nail. Acad. Sci. U.SA. 85, 5449).
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RECOGNITION OF FLAVIVIRUSES BY T HELPER CELLS ATtC STRUC TI Ocost sRo r Po
VIRlS X (VX) AND or POTATO AHCBA I)s AtC VRUS.J E. Allan. M.F. Uren, D.A. Hartley, A.R. Hunt, J.T. (PAMV)

Roehrg and J.H. Mathews, St. Jude Children's Research Y-cl..Rii5avsky, S.S. Viter, t.t.Turova , A.C.be-
ftospital, Memphis, TN, USA; Dept. of Exp. Fachol., The S', A.A.Grtshkoch'. V.V.Shlhn-, L.V.JArvrkulg',
John Curtin School of Med. Research, ACT, Australia; . ..J..CrAa'.
and Center for Disease Control, Fort Collins, CO, USA inct te of nioUranir Chesistry, Acudeey o

andcanorScienoen of the Ukruinsan 505, 252650 Rica. iSan
Anlbody is considered ro be the main mechanism of '- Institute of Chemical Physics and Biophysics.

protection from flaviviruses and since generation of Academy of Sciences of the Estonian SSR, 200026
this response requires helper T cells w$ Iave prepared Ta1itn, eSOR
cloned lineu of tlavivirus-opecific CF4 T" cells, ton nd PAMV out proteins were cleaved by cyanogen

sbroide and st.phylococcal protese V A.Peptides were
These have been used to determine T cell recognition isolated by means of gel-filtration, Lon-exchange chro-

sites on these viruses and also for studying T cell matography and nPLC. Some of the peptides were purified
cross-reactivity between members of this family. Our to hosogenity and their amino acid sequence was estab-
cloned lines of Murray Valley encephalitis-specific fished.

Vith monoclonal antibodies (hobs) to PVX using in-
murine T cells recognize a linear 5equence of the en- direct ELISA, europium time-resolved ftuoroiamunoassay
velope protein and supply help for antibody production and electro-blot immunoassay we located one or two over-
following stimulation by other viruses of the West Nile lapping sntigenic determinants at the N-terminal region
sub-group. However, this site does not strongly stlm- of the coat protein. Lyuse at position 19 Of the virus

coat prote is required for the [steraction 54th two
ulate polyclonal virus-immune cultures. These appear of the Mabs. Synthesis of peptides, as a probable epi-
to recognize, In addition, nucleocapsld and non-struc- topes, was carried out by solid-phase method, bases on

rural proteins some of which also stimulate weakly. It Pmoc- and Bo-approaches. The synthetic peptides were
has been necessary to prepare continuous lines of conjugated to BSA in varying molar ratios by new cross-
virus-immune T cells to determine the amino acid liner btind in nur laboratories and the imm no gi-

cat reactivity of the Cnojugates -omtared.
sequences which are involved. Rubs to PAV were raised and used to study the anti-

Renic structure of PARV coat protein, as veil as the im-
sunoiogical cross-reactivity with PVX and its protein.
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HOLCU1,AR GENETICS OF THE MrIy RtZCMRB INTERTYPIC POLIOVIRUS CHIMAERAS
Richard K. 11ii.* tuart f. Snyder. Hrk F. Prana. Karen L Burke Kersi Katrak

x  
o

John Hay, Carl W. Dieffenbach. and Kathryn V. Hol~e. The D Minorx, and Jeffrey W Almond . Department of Micro-
Uniformed Services University of the Health Sciences, biology, University of Reading, Reading, Rol 5AQ, UK.
Bethesda. D 20814-4799. 'NIBSC, Potter. Bar South mles, u5B 

3
QG. Ui.

The ellular receptou for mouse hepatitis virus ( - The antigenicity and atructure of poliovirus have
A59) is a 100-II0K glycoprotein found on liver and intes- been studied, allowing the location of the three major
tinal plass membranes. Removal of carbohydrate troops antigenic sites involved in neutralization on the a-ray
tro. the protein vith endoglycomidase 7 does not destroy atageai moloe i u. a sed on this
virus binding activity which suggests that the E2 viral crystallographic model of the virus. Based on this
envelope rlycoprotein reconizes the protein core of the information, intertypic pollovirus chlmaeras, involvingreceptor. The receptor he been purified from detergent- all three neutralizing sites, have been constructed via

solubilized mouse liver membranes by affinity chromo- ollgonucleotide-dlrected mutageneals of infectious
tography using sonoclonal anti-receptor antibody. The Sabin type I and 3 pollovirus cDNA9. Characterization

first IS amino acids from the H-terminus were determined of such antigen chimaeras has been carried out using
by sicrosequencing. An antibody was generated in rabbits monoclonal and polyclonal antisera in neutralization
against a synthetic peptide with this sequence. The anti, and single radial lewunodiffusion antigen blocking
peptide antibody recognized the affinity purified recept- tests. In addition reactivity, of antIsera raised
or from liver and intestinal brush border membranes from atainst the chimaeras in mice. rabbits and guinea pigs
susceptible nice. The antibody also recognized an tntes- has been studied. The chimaeras are also being used to
tinal brush border protein from resistant SJL/3 mice. examine the imune response of animals and man to
The SJL/J protein was 5-10K shorter than the MH1 receptor different Antigenic sites. The information gained from
protein of BALB/c mice, and did nor bind either the virus the characterization of intertypic chlmsersa leads to
or the v-irun blocking monoclonal antibody. 531.3 mice a further detailed understanding of pollovirus antigen-
nay be resistant to M44 due to a mutation in the receptor icity and lmmunogenicity.
glycoprotein resulting insa molecule that does not bind 1. Hinor et ai. 1986. Journal of General Virology 67:MHV. 1283no -1292. 6.Juns f eerlVioog 7

A 35-mer oligonucleotide deduced from the anino acid 1283-1292.
sequence of the amino terminus of the recenror was 2. togie et sy1., 1981 icience 1_9: 1358-1365.
thesized and used to probe lambda gtlt cDNA libraries
made from cells expressing the receptor. Fourteen in-
dependent cDNA clones have been isolated. Cloning of the
MW19 receptor cDNA will allow direct comparison if the re-
ceptor protein and the virus non-binding variant of the
SiJLIJ mouse.
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SYNTHESIS AND IMMUNOREACTIVITY OF DENGUE 2 VIRUS EPITOPE ANALYSIS OF ANTIGENIC DOMAINS OF DENGUE 2
(FLAVIVIRUS) MODIFIED ENVELOPE PROTEIN E USING VIRUS (FLAVIVIRUS) ENVELOPE PROTEIN E EXPRESSED IN
RECOMBINANT BACULOVIRUSES. E. COLL.
V. Deubel" and M. Bordier. Laboratoire des Arbovirus, Institut F. Migre, J.-P. Hugnot, J.J. Schlesinger, MK. Gentry and V.
Pasteur, 75724 Paris Cedex 15, France. Deubel'. Laboratoire des Arbovirus, Institut Pasteur, 75724 Paris

We examined the expression of the dengue (DEN) 2 Cedex 15, France.
virus-specified envelope protein in Spodoptera frugiperda SF9 Several fragments of the dengue (DEN) 2 virus envelope
cells by recombinant baculovirus vectors. A cDNA copy of the protein E were expressed in EscheriChia coi as fusion proteins.
DEN 2 virus region encoding the virion structural proteins was The hybrid proteins were synthetized in large amounts by E. coli
inserted into the baculovirus DNA using the pAcYM1 shuttle under the control of promoter trpE. The hybrids between trpE
vector (gift from Pr D.H.L. Bishop, Oxford). The protein E was and the envelope protein were purified from soluble (amino
produced in a size and antigenicity similar to the corresponding acids N°59 to 97 in the DEN 2 protein E) or insoluble (amino
polypeptide from DEN 2 virus-infeCted Aedes albopictus C6/36 acids N*59 to 422, 22 to 205, 259 to 422 in the DEN 2 protein E)
cells. fractions of transformed E. coll.
Deletions of respectively 25 and 71 amino acids in the The immunoreactivity of the hybrids was examined by Western
C-terminal end of the protein E produced truncated forms which blotting. Two domains contained epitopes reacting with
were secreted in the extracellular medium. Deletions in the monoclonal antibodies (MAbs) of group, complex and/or type
C-terminus apparently did not modify the correct presentation of specificity,
the important epitopes as determined by immunolluorescence Most of the reacting MAbs, and in particular the DEN 2-specific
and Western blotting using polyclonal and monoclonal neutralizing MAb 3H5, recognized the domain including amino
antibodies (gift from Drs J.J. Schlesinger and M.K, Gentry). acids N*259 to 422 in the protein E . The reactivity of all these
Results of immunization in rabbits and mice with the engineered MAbs was destroyed when this domain was split in two parts
protein E will be p'esented. expressed independently (amino acids N259 to 353 and 366 to

422), suggesting the presence of conformational epitopes. The

missing pepide (N0354 to 365) contains two proline residues

that might also be important for the secondary structure and

therefore for the immunoreactivity of the domain.

The immunological response in rabbits and in mice immunized

with these fusion proteins will be presented.

Ii
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DENGUE VIRUS-SPECIFIC HUMAN CYTOTOXIC T LYMPHOCITES(CTL) IDENTIFICATION OF CONTINUOUS EPITOPES OF THE ENVELOPE
Uchiro Kurane, Jack F.Bukowski, Chin

8
-juh Lai , Margo GLYCOPROTEIN OF DENGUE TYPE 2 VIRUS

Brinton
3
. Michael Bray

2
, Barry Falgout', Bangt ±hao

2
, BL Innis-, V Thirawuth, C Hemachudha. Department of

and Francis A. Ennisl. l.Univ. of Massachusetts Medical Virology. Armed Forces Research Institute of Medical
Citr., Worcester, MA.USA. 2.NIAID, NIH. Bethesda, MD. Sciences, Bangkok. Thailand
USA. 3Ieorgla State Univ., Atlanta, GA. USA. Fo'ur huv-rc niv.,y -xpeptides homologous to the
We have begun tv analyze human T cell response to amino acid sequence of the dengue 2 envelope glyco-

dengue viruses. W established twelve CTL clones from protein were reacted with antisera from seven patients
the lymphocytes of a donor who had been infected with with primary dengue 2 infections to identify the con-
dengue 3 virus. These clones have a CD3+ CD4+ CD8+ phe- tinuous epitopes recognized by human IgG. There were
notype. They lyse dengue antigen-pulsed and dengue vi- 124 peptides in twenty five clusters (domains) that
rus infected autologous lymphoblastoid line (LBL) in an bound two or more antisera. Twenty two peptides in
HLA class IS-restricted fashion. One of the clones ly- seven domains bound all seven convalescent dengue 2
ses target cells expressing dengue 4 NS1, 2a, 2b, 3, 4a antisera tested and thus appeared to represent imnuno-and 4b, but does not lyse target cells expressing E. dominant epitpes. The evidence that these domainsPre M,C,NSI and 2a or cells expressing NS1 and 2a. This represent continuous epitopes of the envelope glyco-result suggests that this clone recognizes an epitope protein is: (I) peptides representing each domain bound
on a non-structural protein other than NSI, NS2a, and multiple sera. (2) peptide reactivity was highly or-
NS5. Purified dengue 3 NS3, but not NSI or NS5, induces dered along the amino acid sequence and (3) in almost
a high level of proliferation. A short-term T cell line all cases, domains were regions of predicted hydrophi-
stimulated with NS3 has a CD3+

, 
CD4+,CD8 phenotype licity. Heterologous flavivirus antisera also exhi-

and lyses dengue 2 virus-infected LBL. This result sug- bited binding to the majority of peptides reactive with
gests that an epitope on NS3 is recognized by CD4+ T anti-dengue 2 sera though four candidate dengue 2
lymphocytes. We have also detected aerotype cross-rear- specific epitopes were identified along with an immuno-
tive dengue-specific, HLA class I-restricted, CD4- CD8

+  
dominant epitpe common to dengue, Japanese encephalitis

CTL in bulk culture. These CTL lyse autologous fibro- and West Nile viruses. Synthetic peptides representing
blasts infected with a vaccinia construct which con- these epitopes may prove to be useful for a variety of
tains NS1, 2a, 2b, 3, 4a and 4b, and lyse target cells purposes.
expressing E and those expressing E, Pre M,C,NSI and 2a
to a lower level. Target cells expressing NSI and 2a
are not lysed. These results suggest that dengue-speci-

fic, HLA class I-restricted CTL recognize mainly non-
structural proteins other than NS1 and 2a, and also
recognize E to a lower level. CD8

+ 
cross-reactive CTL

clones have also been established.
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EFFECTIVE EXPRESSION OF ANTIGENICALLY ACTIVE STRUCTURAL IDENTIFICATION OF A NEUTRALIZING EPITOPE OF ENVELOPE
AND NONSTRUCTURAL PROTEINS OF JAPANESE ENCEPHALITIS GLYCOPROTEIN (E) OF DENGUE VIRUS TYPE 2.
VIRUS Thaweesak Trtirawatanapong and Radha Padmanabhan.* Dept.
Yasui,K? MiyamotoM. Ogimoto,M. Kimura-Kuroda,J. of Biochem. & Mol. Biol., Univ. of Ka 'as Med. Center,
Kanayama,M. Matsuura,Y. YasudaA. Sato,T. Kojima,A. Kansas City, Kansas 66103, U.S.A.
Department of Microbiology, Tokyo Metropolitan Institute The dengue virus genome is a positive-stranded RNA
for Neurosciences, National Institute of Health, Japan, which encodes a polyproteln of 3391 amino acids in
Biological Research Institute of Nippon Zeon. length which is then processed into three structural

Recombinant Baculoviruses and Vaccinia viruses proteins: capsid (C). membrane (M) and envelope glyco-
containing the coding sequences of the structural and/or protein (E) and at least seven non-structural proteins.
nonstructural proteins of Japanese encephalitlis virus Many monoclonal antibodies (MAb) which exhibit flavi-
were constructed. The antigenic properties of the virus group-specificity, as well as dengue virus type-
expressed proteins by the recombinants were evaluated specificity have been previously characterized in other
using a panel of monoclonal antibodies against the E laboratories, some of which can neutralize the infec-
protein of JE virus and polyclonal antibodies and the tivity of dengue virus. One neutralizing dengue type
molecular size of the proteins were analysed by Western 2-specific monoclunal antibody 3H5 reacts with E glyco-
blotting. All the epitopes detected by a panel of protein which is expressed on the surface of the virus.
monoclonal antibodies were demonstrated on the E protein Here, we describe a novel approach for mapping the
expressed by the recombinants which had the coding epitope recognized by 3H5 MAb. First, E protein was
sequence of preM and NSI to add to E. The E protein was expressed in Escherichia coli using an inducible pro-
glycosilated and same in size to the authentic E and moter VPL. The inunoreactivity of this 3H5 NAb was
transferred to the surface of the recombinant infected localized within 180 amino acid coding region in the
cells. However, the E proteins expressed by the C-terminal half of the protein using a series of in-
recombinants which had no preM sequence or truncated E frame deletion constructs expressing truncated E poly-
sequence showed no reactivity with the monoclonal peptides. Second, in order to map the epitope more
antibodies and were not demonstrated on the cell surface, precisely, a series of well-defined deletions within
The NS1, anather membrane proteins, expressed by the this region were made using polymerase chain reaction
recombinants constructed with NS! and a part of E and and synthetic oligodeoxynucleotides. By testing each
ns2a sequence were also transferred to the cell surface, deletion construct for expression in V. cli and its
The mice inoculated with the E protein produced by the reactivity with 3H5 antibody, its epitope was deter-
recombinant Baculovirus or infe(ed with the recombinant mined to be within a region of 12 amino acids in length.
Vaccinia virus which expressed it on the cell surface A synthetic peptide consisting of this epitops was
developed neutralizing antibodies and protective shown to react specifically with 3H5 MAb by ELISA.
activity against JE Virus encephalitis. Production of entisera specific to this peptide is in

progress.
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MOLECULAR BASIS OF VIRAL ANTIGENS: LINKAGE OF SEQUEN- HETEROGENEITY IN THE HUMORAL IMMUNE RESPONSE TO NSl
TIAL AND CONFORMATIONAL NEUTRALIZATION EPITOPES OF DIMER AND NSI MONOMER IN PATIENTS WITH DENGUE INFECTION.
POLIOVIRUS, TYPE I. *Cardosa, M.J., Tie, P.H.. Noor Sham, S. &
Klaus Wiegers* and Rudolf Dernick Nimmannitya, S!
Heinrich-Pette-Institut fir Experimentelle Virologie School of Medical Sciences Univerniti Sies MAlevsia.

--- a.clgie an der .... rg, MarLiui Minden, Penang, Malaysia &1L.,ildren's h-.pItal,
strasse 52, 2000 Hamburg 20, F.R.G. Bangkok, Thailard.

Monoclonal antibodies (mAbs) against sequential Sera obtained from serial bleeds of patients (from
neutralization epitopes were obtained by a combined Thailand and Malaysia) with dengue fever or dengue
in vivo/in vitro immunization protocol. The antibo- haemorrhagic fever were analysed by Western blotting
dies recognized VPI or VP2 in an immunoblot and could for reactivity to the monomeric and dimeric forms of
be competed by synthetic peptides representing resi- NS1 glycoprotein of dengue virus. Infected and
dues 93-104 of VPI or 164-170 of VP2, respectively. uninfected cell lysates (C6/36 and PS Clone D) were
The epitopes involved at least residues 97-101 of VPI compared, and the virus used was the dengue type 2
or residues 165-167 of VP2 as defined by amino acid strain 16681.
substitutions of resistant mutants. Cross-neutraliza- We have evidence that the major response to virus
tion tests of the mutants with mAbs against confor- infected cells in humans naturally infected with
national epitopes revealed a linkage between these dengue virus, is to the NSI dimer. The antibody
sequential and conformational epitopes. Insight into response to NSI monomer is a relatively late response.
the structure of the conformational epitopes was ob- and in a number of patients we have not been able to
tained by mutants, where a point mutation resulted in detect antibody to NSI monomer, even in convalescence,
a substitution in a neighbouring loop of the sequen- although these patients have a strong response to the
tial epitope. Thus, the conformational epitope of VP1 dineric form of NSI from early in the course of the
is formed by residues within loop 93-104 and 141-152 illness.
at the 5-fold axis of the virion. The conformational The subclasses of IgG responsible for the NSi
epitope of VP2 resides within a double loop struc- dimer/monomer specificities have been investigated,
ture. formed by residues 127-185 near the 2-fold axis and we have evidence that IgG3 may be primarily directed
of the virus particle. This combination of antibodies at the NSl monomer.
offers valuable tools for the study of virus neutra- These data are compared with data from immune but
lization or of structural changes during virus morpho- well donors, and their relevance to pathogenesis of

genesis and virus-cell interactions. dengue haemorrhagic fever is discussed.
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TH4E PNIGESNIC STRUIrIRE OF POLIOVIRUS TYPE 2 ANALYSIS OF THE CELLULAR RECEPTORS FOR BOVINE
SERCTYPE CROSS-REATrVE MONOCLL ANTIBODIES CORONAVIRUS
IDENIpY A NE SITE Beate Gelnar*, H.-J. Grop, H.-D. Klenk,
N Ca ack*, V Patel, M Ferguson and P D Minor R.Brossmer and G. Herrler
NIBSC, South Mimsms, Potters Bar, EN6 30G. UK. Inst.f.Virologie, Universitit Marburg,

Previous studies have identified an antigenic Marburg, F.R. urmany
site (site 1) common to all three poliovirus Inst.f.BiochemielI. Universitit Heidelberg,
serotypes (VWI residues 89 to 100) and two further Heidelberg, F.R.Germany
complex sites. Site 2 consists of residues 220-222 Bovine coronavirus (BCV) has been
from VPI (site 2a) and residues 164-172 from VP2 reported recently to use the same kind of
(site 2b). Site 3 includes residues 286-290 frn receptors for attachment to erythrocytes as
P1 (site 3a) with residues 58-60 and others of VP3 influenza C virus. The evidence is based on

(site 3b). Neutralising monoclonal antibodies the finding that BCV contains the same
(MCA) prepared against the Sabin and Lansing receptor-destroyiny enzyme (Vlasak et al.,
strains were used to isolate and characterise PNAS,85,4526-4529,1988) as influenza C virus
neutralisation - resistant mutants of Sabin type 2. the enzyme of which has been identified as
Twenty-six MCA selected mutants at the expected sialate 9-O-acetylesterase (Herrler et al. ,
frequencies which could be assigned to four EMBO J.,4, 1503-1506,1985).
distinct groups of reactivity by cross-neutrallsation We have performed resialylation studies
tests. RNA sequencing of antigenic mutants in with erythrocytes to analyze the receptors
group 1 revealed single base substitutions for BCV. Only red blood cells containing N-
corresponding to amino acid changes in site 1. acetyl-9-O-acetylneuraminic acid were found
Group 2 antigenic mutants possessed amino acid to be agglutinated by BCV while cells
substitutions in site 2a, which was extended in containing sialic acid whithout an acetyl
type 2 poliovirus by a mutation at residue 217 in residue at position C-9 were resistant to
VPI. Similarly, group 3 mutants collected in site agglutination. Incubation of MOCK cells with
2b, also extendy.s by a mutation at position 158 in purified acetylesterase from either BCV or
VP2. Mutants in group 4 were selected with five influenza C virus rendered the cells
MCA, three of which cross-react between serotypes I resistant to infection by BCV. This finding
and 2 in neutralisation and antigen blocking indicates that O-acetyl residues are also
experiments. Nucleotide sequencing has located the used by BCV as receptor determinants to
antigenic site identified both by group 4 mutants initiate an infection.
and by mutants of Sabin type 1 selected with
cross-reactive MCA. Antigenic site 3 appeared to
be ommon only to serotypes I and 3.
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RO SYNTHETIC PEPTICS AFFECT FOOT NO MtH DISEASE VIRUS oo-ORP- THE UPTAKE OF SEMLIKI FOREST VIRUS (SFV):
TION TO CELLS. Yechiel Bcker- and Barry Saxte. Dept. Molecular ROLE OF THE CAPSID (C)-PROTEIN.
virology, Faculty of ldicine, Hebre University, Jerusalem, Israel,
an P Nolecolar Biology Laoratory, USDA, ARS, Plum Island nimal Omar A. and Koblet, H.: Inst. of Hygiene and
Disease Center, Greenoort, W 119", USA. Med. Microbil., Univ. of Berne, Switzerland.

SFV infects susceptible cells by the
The major antigenic dotain In the VPI structural protein of foot endocytotic Pathway (Heleniua et al. J. Coll

C3 contains the amino acid seqaence PWC. Isolates of serotype A Biol. 84, 404 (1980)). We had performed
contain attchaent sequene in flbrormctin receptor (t. Ruoslacti, hydrophobic interaction chromatography to
,.eov.Blochmt. 57:375, 19'). To determine the role of the RGi
sequence of FPDV VPI In the Interaction of the virus with cellular investigate the relevance of viral binding to
receptors, oe examined the effect of synthetic Peptides RGD5, RpoL the fusion event occuring at low pH between the
and a control peoptlde RdW an the blnding of radliolasele FPMO to viral and endosomal membranes, we found that:
Ile kidney Clls. The synthetic peptides were purifled by mtC

haro use a d cuated with cells for k hr prior to the aodition 1) the E, protein was responsible for binding;
of SLridlne-labelea FDe type A12. The peptide HUI. at a coccen- 2) the E, concomitantly underwent a
tratlon of 200 pg/wl Irhibited virus adsorption by 60-70 at the conformational change upon binding; and 3) low
same concentration. The control peptide AP55 Inhibited virus asorp-
tiot by 25-30 5. The inhibition mas dose dependent, but less thar pH treatment of bound virus led to a dramatic
that achiened by the use of saturating amounts of unlabele A12 increase in the hydrophobicity of the E,
virus to comete wlt the binding of the labeled virus. These re- protein, which may be of importance for the
saits are In reeant with a recent report on the role of RODS se-
quence In NiCO lAchron e., Nature 337:709, 1989). The RGUSar fusion event. We have prepared viral particles,
RGL peptides were able to Insibt the bIlndig of a numcer of utrer which are devoid of Ea and Em, and found that
subtypes 0 or C srsting that the GO sequence is important for these E-viral particles are infectious. This
adsorption of the cirus to sosceptivle cells. Since the FMo sub-
type 01K contains RGFS in VP and RPt I,. VP3, the possibility that showed that E, alone is necessary and
FmD virions attach to more than oe receptor molecule needs to be sufficient for infection. In addition, we found
eoplored. Computer analysis revnaled tha presence of RG sequences in that binding of the virus to the hydrophobic
rciovlrus-2 and l4 VPl RCLF. polovinus VP1 RGAC) and hepatitis
o uP1 (RPtl. It Is rot yet known if these sequences are involved In column also triggered digestion of the C-
the attacioent of these viruses to receptors, protein. We suggest that the conformational

Supported by a grant From the U.5.-Isreal Binatioal AgrlcIture change of the E, occurring upon binding
Research and 0eunopiet Fund (BARD). concomitantly transmits a signal across the

viral membrane leading to digestion of the C-
protein. This would: 1) yield greater freedom

for the spikes Io move in the lateral plane of
the viral membrane and thus facilitate the
fusion event occurring in the endosomes; and 2)
initiate the unraveling and uncoating of the

nucleocapsid necessary for the release of the
viral genome after fusion.

P 115 P 116

ANALYSIS OF FOOT-AND-MOUTH DIS)ASE VIRUS NEUTRALIZING TYE cYnTOxic T CELL RESPONSE TO FLAVIVIRUS
IDIOTYPES FROM IMMUNE BOVINE AND SWINE WITH ANTI-MURINE Ann B. Hill*, A. MrIllbacher, R.V. landen, E.G.
I0IOTYPE PROBES. Westaway, G. Coia and C.R. Parrish.
A.E. Garmendia. M.V. Borca. D.O. Morgan. & B. Baxt* Cell Biology, JCSd4R, ANU, Canberra, Australia.
USDA, ARS. Plum Island Animal Disease Center, Greenport, T cell responses to flavivirus infection may be

NY 11944. USA. important as an essential component of a protectuve
Rabbit anti-mouse anti-idiotypic antibodies (aids) immune response; alternatively, they may play a role in

induced by foot-and-mouth disease virus (FMDV) neutra- immunopathogenic disease such as D0F/DHSS. MPHC Class I
lizing monoclonal antibodies were used as probes to restricted T cells are thought to recognize epitopes
identify anti-FMDV idiotypes in immune sera from bovine consisting of a peptide derived by processing of
and swine. In a competative radioimunoassay. four of endogenously synthesized viral protein which is bound to
the alds exhibited a dose defendent capacity to compete a grove in the MIuC class I molecule; the peptide/MHC
with labeled virus for anti-FMDV antibodies from a con- combination is expressed on the cell surface. We have
valescent bovine serum. Two of the aids that exhibited generated from 5 mouse strains MHC Class I restricted

the highest activity were imobilized on activated Seph- cytotoxic T cells against the flavivirus Kunjin, and
arose, and used to isolate anti-FMDV antibodies from bo- used them to attack a panel of target cells infected

vine, swine, and murine FMOV immune sera. Both the bo- with one out of eight recombunant vaccania viruses,
vine and swine antibodies recovered from the ald-Sepha- whih between them contain cDiA of the entire Kun3in

rose columns reacted with virus. and to a lesser extent. genome. We have found that; 1. Most Kunjin immune
with corresponding monoclonal antibody resistant viral cytotoxic T cell responses are directed against eputopes
variants. The binding of the bovine and swine a-FMDV derived from non-structural, cytosolic viral proteins.
antibodies to virus was specifically inhibited by the In most mouse strains, eputopes derved from structural
homologous aId, and in addition, bovine and swine idio- proteins are recognzed weakly rn not at all. Cputopes

types were capable of neutralizing FMDV in both suckling from NSI are not recognized. 2. The strongest
mouse protection and plaque reduction neutralization eputope(s) are derived from a region of 100 amino acids
assays. Therefore, by means of aId probes generated surrounding the NS3/NS4a cleavage site. 3. Other
against FMDV mu-ine idiotypes. two neutralizing idio- epitopes recognized by at least one mouse strain include
types were identified in bovine and swine. These re- one derived from NS5 or the carboxyl-terminal of S4B
sults suggest that FMDV neutralizing epitopes recognized twith B-2s); one derived from NS4A/NS4B (with Hl- 2 and
by murine systems can play a role in the overall immunity a second epitope in NS3 remote from NSd4A (with H-2).
of FMDV susceptible animals. 4. The influence of MHC on Kunjin epitopes recognized is

profound: no one Kunjin sequence is recognized by all
mouse strains. For any given Kunjin epitope, most MHC
alleles are non-responders: even the "imunodowinant"
site around NS3/NS4a is recognized with only 3 of the 8
MHC alleles we have been able to test.
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CHIMAMIC VIRUSES IDENTIFY NEUIrR&LISIM ANTIBODIES ANTIGENIC AND FUNCTIONAL ANALYSIS OF THE FLAVIVIRUS E-
TO POLIOVIRUS AWIGNIC SITES IN HUMAN AtND A SERA GLYCOPROTEIN USING SYNTHETIC PEPTIDES.
D J Woodll, K Burke

2
, M Ferguson' and P D Minor'. J.T. Roehrig, A.R. Hunt and A.J. Johnson. DVBVD,

NyTsr, Pntteprg prl, arn
4 

Univ _rit-y of qead,4T
2

, *f. I yn 'rn. ,r-g, DNH1, -. 0. tox 2087, Fort Collins, CO.
Four distinct antigenic sites have been defined on 80522, U.S.A.

poliovirus types 1 and 3 which differ in their immuno- We have used computer analysis to derive synthetic
genicity in mice. This stiudy reports a direct peptides from the deduced amino acid sequences of the
approach to analysis of the neutralising antibody E-glycoproteins of Murray Valley encephalitis (KVE)
response of humans and other animals to type 3 and dengue 2 (D2) viruses. Peptide isunogenicity
antigenic sites by using antigenic chimaeras. The appeared to depend on inclusion of a putative helper T-
chimaeras tested had antigenic site 1 (VPl 89-100) of cell evitope as predicted by the Rothbard motif. Three
Sabin I replaced with antigenic site 1 of type 3 inmunogenic regions were identified on both viruses:
strains. Standard neutralisation tests were performed l) amino acids 35 to 170, 2) 225 to 275, and 3) 300 to
with panels of sera with neutralising activity against 370. Peptides from all three of these regions elicited
type 3 but not type I virus. Between 25 and 50% of antivIral antibody and were readily detected by human
human sera from individuals infected with live virus infection immune sera. A peptide from amino acids 35
(wild type or vaccine) neutralised the chimaeras to 50 elicited virus neutralizing antibody.
depending on the precise sequence inserted. This Non-linear, "structural" peptides which included a
shows that antigenic site I is an important site for sequence conserved by all flavivirus-s ( i o acids 98
neutralisation of poliovirus type 3 in at least some to Ill) elicited antibody which recognized pH 5
individuals. Similar evidence was found in rabbits, denatured virions better than native virions. This
guinea-pigs, monkeys and mice immunized with live result implicated this conserved region in flavivirus
virus. In animals ability to neutralise correlated mediated cell fusion. An important helper T-cell
with strain of ineunizing virus. For example sera epitope was identified in domain 2. Domain 3
from guinea-pigs and monkeys immunized with antigenic corresponded to a region previously defined by lambda
variants of type 3 did not neutralise the chimaeras. expression of glycoproteln fragments. A functional
Sera which fail to neutralise site 1 chimaeras may helper T-cell epitope was also defined in this region.
have antibody directed predTrinantly against other Competitive binding assays define significant overlap
antigenic sites. Chimaeric viruses will ne ideal of all three of these defined domains in the native
tools to investigate this possibility. 5 oycoprot.io.
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lINMUNOCYTOCHE;IICAL STUDIES ON POLIOVIRUS RECEPTORS; ITS A Nonoclonal Antibody Defined Epitope Map of Expressed
TOPOGRAPHY, DISARRAY, AND REMOVAL BY MONOCLONAL ANTI- Rubella Virus Protein Domains
BODIES AND SECOND LIGANDS. + Wolinsky, J.S.*, Allen-Cennady, 0., Simmons, D.
K.Mannweiler ,W.Bohn, P.Nobis , H.Hohenberg and G.Rutter. The University of Texas Health Science Center at Houston
*Heinrich-Pette-nst.f.exp.irologie u.Imunoloqie a.d. P.O.B. 20708, Houston, IX 77225
Univ.Hamburg, 0 2000 Hamburg 20 and Abt.Molekular Biol. An expanded library of murine monoclonal antibodies
Univ., F.R.G. (rAibs) was generated by infecting Balb/C mice (Virology

The cellular receptor for poliovirus shows a cluster- 143:153,85) and selecting secieted hybrids by ELISA
like distribution at the cell surface, as demonstrated using purified virion targets. A panel of c104A clones
with immunocytochemical methods in electron-,light- and encoding the structural proteins of rubella virus (RV)
laser-scanning microscopy using replica-imnunogold- and was provided by Dr. T. Frey (Gene 62:85,88). Plamids
fluorescence probes.The cluster-like distribution is containing specified KV cI14A fragemnts were constructed
no longer visible after incubation of unfixed, native using a variety of strategies into the pOE374 expression
HeLa- or Vero-cells with the monoclonal antibodies 0170 vector. RecA-RV-LacZ trihybrid proteins over-expressed
or 0710 preventing poliovirus infection (Nobis et al., in E. coli were then probed with selected mAbs by ELISA
J. gen. Virol. 1985, 66, 2563). The antibody-receptor and inmunoblot approaches. Current data localize nAb
complexes are not int Tnalized by the cells, and no defined epitopes within the following daumins: MAbs Cl.
ultrastructural alterations are detectable within the C2, CS bind epitopes within the predicted minoterminal
receptor areas, neither in ultrathin sections nor in 29 amino acids of the capsid region CI-C 29 ; mAba E2-1
freeze-fracture preparations. The complexes can still through E2-6 bind to the E2 glycoproteinbackbone region
move in the plane of the plasma membrane. Up to 24 E21-E2115; mNAbs El-18 and El-20 bind to the El
hours they can be reaggregated by a second ligand; lea- glycoprotein region El1 62-E1273 . All of these nuebs
ding to the formation of large positively labelled appear to react with "linear" epitopes. VMb EI-18
inmunocomplexes (Mannweiler et al., Inst. Phys. Conf. neutralizes hV Infectivity, nAb E3-20 neutralizes
Ser. No. 93, 311, 1989). These imunocmplexes condense infectivity and blocks hesagglutination. A synthetic
in the perinuclear area and are removed from the cell peptide (SP2) representing C 14 -C29 induced polyvalent
surface either by extrusion or by internalisation via antibody reactive to SP2, the appropriate expressed
non-coated endocytic vesicles into membrane-bound trihybrid protein and RV in ELISA. These and other
compartments of the cell. plasmid constructions and SP will be presented with a

Supported by Gemeinntzige liertie-Stiftung, strategy useful in deducing the molecular organization

Frankfurt/Main. of antigen sites of this human pathogen.
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MOLECULAR ANALYSIS OF THE ANTIGENIC LOCATION OF NEUTRALIZATION DETERMINANTS
STRUCTURE OF FOOT-AND-MOUTH DISEASE VIRUS IN THE E PROTEIN OF MURRAY VALLEY
(FMDV) ENCEPHALITIS VIRUS. R.C. Weir*, Eva Lee, Suzanne
E. Pfaff*, I. Hller, B. Haas und Hartley, iT. Rochrig and L. Dalgarno. Biochemistry
H.-J. Thiel Dept.. Faculty of Science, The Australian Nail. University,
Federal Research Centre for Virus Diseases Canberra. Australia.
of Animals, 7400 TUbinge.', P.O. Box 1149, The locations of antigenic determinants involved in
Federal Republic of Germany the neutralization of the flavivirus, Murray Valley

encephalitis virus, have been defined in terms of their
The knowledge of the FMDV antigenic positons in the amino acid sequence of the E protein. Two
structure is necessary for the development approaches were used. Firstly, monoclonal antibodies
of recombinant and synthetic vaccines (mAbs) specific for the E -Ic epitope were used to select
against viral infections. For this neutralization resistant variants. Nucleotide sequencing of
purpose neutralizing monoclonal anti- the envelope protein genes (E and M) of the variants showed
bodies (Mabs) were prepared against FMDV that in each variant thete was a single nucleotide change in
strain 0 Kaufbeuren and synthetic the E gene indicative of a non-conservative amino acid
peptides.3Themonoclonal antibodies were substitution in the E protein at position 126 or 128.
characterized by various immunological Secondly, expression of segments of the E protein as b-
methods including Elisa, Western Blot and galactosidase fusion proteins in F_ 1oilLhas allowed the
plaque reduction assays and could be location of the binding site for another epitope specific mAb
divided in six different groups. The (E-8) to the amino acid sequence 200-223. These results aie
antibody binding sites were localized by in accord with the molecular model proposed for the
competition experiments and amino acid antigenic structure of the flavivirus E protein (C.W. Mand &I
sequence comparison of nine different FMDV Ai. J. Virol. 63: 546-571, 1989).
strains tested in a plaque reduction
assay.
In addition Mab resistant mutants were

selected and the protein sequence of their
complete Pl-coat protein region were
determined by c-DNA sequencing. Regarding
these results we have identified at least
6 different epitopes involved in virus
neutralisation. Two of them are
conformation dependent, the others
represent sequential epitopes.
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ISOLATtON Of DENGUE VIRUS (Dii) TYPES 2 AND 3 PROM n ~-~ SI (I MLTPLICATIN (] v%'Jflt AND
LEUKOCYTES OF PATIENTS HOSPITALIZED WITH DEN INFECTION. DEMY1INATING SE:MLIKI FREST VIRUS IN THE M= CDSAL
BL Innis, A Nisalak*, S Niimannitya. Dept of Virology, NERVCOUS SYSTM
AFRIMS and Children's Hospital, Bangkok. Thailand. Joan M.B. Smyth Brian J. Sheahan and

Over 5 months in 1988, we isolated DEN (2 DEN-i, jregory J. Atkins

13 DEN-2, 13 DEN-3) from 28175 children with confirmed Departent of Microbiology, Moyne Institute, Trinitv
infection whose plasma or washed peripheral blood mono- 5ollege, Dublin 2 and
nuclear leukocytes (PBLs) were separately cultured in Department of Veterinary Pathology, Faculty of
Toxorhynchircs mosquitoes. DEN was recovered from both Veterinary Medicine, University College, Dublin 4,
plasma and PBLs in 20 cases, from PBLs alone in 6 cases Ireland.
and from plasma alone in 2 cases. Virus isolation from The virulent L0 strain of Semliki Forest virus
PBLs appeared to be equally frequent in primary com- causes a lethal encephalitis in the central nervous
pared to secondary infections (3/8 vs 23/67). despite system (CNS) of weanling mice following introperitoneal
the failure to recover any DEN-2 viruses from primary infection, whereas the M9 mut.,nt derived from it is
cases, and in dengue fever compared to hemorrhagic fever avirulent but induces CNS demyelination. In SJL, but
(DHF) (5/13 vs 21/61), even when cases were stratefied not BALB/c mice, M9 induces persistent denyelination in
by the presence or absence of anti-DEN IgM. 13/25 the absence of virus persistence. We have used in situ
cases with so anti-DEN IgM in the isolation specimen hybridization with a riboprobe, and imnunogold-siln- er
had positive PBL cultures. 5/6 cases where DEN was staining with pulyclonal rabbit anti-SFV in the CNS of
Isolated from PgLs alone had detectable IgM (i.e. the both BALB/c and SJL mice. In both rouse strains at 3-5
specimen was obtained relatively late in the infection). days post infection, Lii infects both neurons and glual
Geometric mean minimum infection rates (MIR) of PBLs cells. For M9, infection of neurons is lss intense,
were higher in cases bled early (IgM negative) vs late but infection of glial cells triggers inreune-meduated
(IgM positive (p-0.043). MIRs appeared to be higher for demyelination.
primary infections compared to secondary infections.
Differences between MIRA of DEN-2 and DEN-3 infections
were not observed. Early in infection, many DEN
patients have virus replicating in PBLs. Enhanced
replication may not occur among those with symptomatic
secondary DEN-3 infections, nor among patients with
DEN-2 or DEN-3 DHF compared to those with dengue fever.
Target cells other than PBLs or host or virus factors
other than heterotypic antibody may be critical in the
pathogenesis of DHF.
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INUMON OW I TUE D S IN THE FrETAL M=W PERSISTENT ENTEROVIRUS INFECTION OF MUSCLE IS ASSOCIATED
ETRoJI0IInM UAMETION OF Te M(7nW Wlii T51 S 22 WITH A DEFECT IN VIRUS GENOME REPLICATION.
[.AI' OF SsTntKI FIS' VIRUS 1 LC Archard*, NE Bowles. CA Freeke & L Cunningham,
Mohamed J.E.M2F. Mabl, oline M. Glasgow3 ,  Biochemistry Dept. Charing Cross & Westminster Medical

"1 1. Flack ,e-'n C. _'.-an "=, 2 School. Fulham Palace Road, London, W6 BRF, U.K.
Joan M.8. Smyth Aidyen O'Sullivan', Brian J. Sheahan Despite the failure to detect infectious virus or

2nd Gregory Avirus-specific antigens in clinical samples, persistent
Department of Microbiology, Moyne Institute, Trinity enterovirus infection has been implicated in chronic
5ollege, Dublin 2 diseases. This has arisen principally from molecular
Department of Veterinary Pathology, Faculty of hybridisation studies using an enterovirus-specific cDNA

Neterinary Medicine, University College, Dublin 4 and probe, and more recently, cRNA probes, which have re-
Department of Anatomy, Faculty of Medicine, University vealed the presence of viral RNA in the affected tissue

College, Earlsfort T errace, Dublin 2, Ireland. of a significant proportion of patients with chronic
The A7 Sravn of Sonliki Forest virus (SFV) is diseases of heart and skeletal muscle.

aviiulent for adult mice when gven intraperitunnally, During productive infections of cells cultured in
but is rapidly lethal for the developing foetus follow- vitro, virus replication involves the assyitric syn-
ung infection of the mother. The ts22 mutant derived thesis of a preponderance of positive strand RNA, via
from A7 is teratogenic for a proportion of foetuses production of negative strand RNA and replication
following infection of the mother at day 8 or 10 of intermediates.
pregnancy. We have shown using in situ hybridization We have shown, by the use of "P-labelled riboprobes
lh nucleic acid probes, aid by inmmno-gold silve ini slot blot hybridizations, that in Coxsacklie B2 virus

staining with anti-SFV antiseru that skeletal and infected cell monolayers, positive strand RNA is pres-
skin defects are induced by infection of mesenchnal enL iv greater than 50-fold excess over the negative
cells of the developing dermis and surrounding cartil- strand. By Northern blot analysis, this negative strand
agenous plate. In contrast to other tissues, the RNA is present only as a species approx 15 kb in size.
central nervous system was poorly stained by ;:SS and probably formed by a hairpin loop to a molecule of the
in situ hybridization. Open neural tube defects were positive strand RNA. However, the majority of the posi-
inducd indirectly by infection of mesenchymal cells tive siurd R*' 's preui as 7,4 ih species.
ad]acen. t, th dtiyvoping neural viLL, tathe a :ihrn by In contrast, tissue samples from patients with
direct infection of neuroeputhelial cells, chronic muscle diseases due to enterovirus persistence

contain approx equimolar amounts of the positive and
negative strands of virus RNA.

These data suggest that a defect in enterovirus
replication is involved in the establishment of per-
'stn nectio, in vivo.
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ATTENUATION1QF FLAVIVIRUSES B1 PASSAGE IN JeLa CELLS REfROSPECTIVE SEROLOGICAL CONTROL OF PERSON5
L.M.Dunfter , J.R.Stephenson P.D. Minor , and A.D.T. PREVIOUSLY VACCINATED AGAINST lICK-BORNE
arrett ENCEPHALITIS
Department of Picrobiolo&y, University of Surrey, Ferenozi, Em6ke, Dept.Virol.Natl.lnst.Hygiene,

Guiliford U.K. P|lLS CAMR iort.on Down, Salisbouy U.K. Budapest, Hungary
and Div.Virol NIBSC, Potters Bar, U.K. Killed Tick-Borne Encephalitis vaccine

Several workers have shown that six passages of the FSME-Immun prepared by the firm "IMNUNO" in
wild type yellow fever virus (Cr) strain Asibi in HeLa Austria has been used in Hungary since 1977.
cells, results in the generatio. of a vizio. which fails The seroconversion rate was found to be about
to cause viscerotropi

. 
4iseas in :unkays. 0.75 according to a preceeding field trial

We have examined Lhe effect of six HeLa cell between 1977 and 1979 (Molndr,E.,
passages on other members ot the Flaviviridae. Both Erd6s,L.,FornosiF., in:lick-Borne Encephalitis
mosquito and tick-borne viruses ware passaged in FeLa /Ed. Kunz,Ch./ Baden, Vienna, 1919). No TBE
cells and their pathogenicities deterniwd in outbred cases has been observed till now among people
mice. Three isolates of the mosquito borne West Nile vaccinated during that period. In contrast to
virus (WN) were attenuated following six HeLa cell this 14 serologlcally verified acute TBE cases
passages. WN strain Sarawak was attenuated 4,000 fold have been recognized among persons who had been
for mice whereas WN strains Egypt 101 and Smithburn vaccinated with the complete three doses of a
viruses were totally avirulent for mice and had in further purified vaccine between 1979 and 1983.
addition lost the ability to infect monkey kidney lo oresence of specific TOE antibodies was
cells. HeLa passaged WN-Sarawak differed biologically tested ini 1987-B8 on 529 serum samples from
from the parent virus by monoclonal antibody studies persons who had received three doses of vaccine
and also the presence of a temperature sensitivity between 1977 and 1785. Only 0.50 part of
marker. Attenuation of W1I-Sarawak in HeLa cells was perso. vaccinated between 1977 and 1979
shown to specifically involve the envelope protein remained seropositive. However, the rate of
gene. In contrast to the above, the two tick-borne seropositivity was as low as 0.25 among people
isolates remained fully virulent for mice following vaccinated between 1900 and 1983. The overall
HeLa cell passage. The results show that HeLa cell seropositivity rate was 0.33 in the total
attenuation is net limited tc YF strain Asibi, but may group, while in a group of 60 individuals with
however he specific for mosquito borne viruses comparable vaccination history a seropositivity
following six passages. Attenuation of WN virus is rate of 0.72 was measured several years after a
correlated with biological alteratios in the virus, fourth dose of the vaccine. These results
We propose the use of FeLa cell attenuation in the indicate the necessity of both the revaccinaton
study of determinants involved in the attenuation of and the control of postvaccination
Flaviviruses. immuneresponses.
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DMIt VIRAL ARLcNBi(S), ANTrIIES AQA= DENGtE POLYPTrIiS, IN SITU HYBRIDIZATION ANALYSYS OF TYPE I POLIOVIRUS

At 0)FLflB4T C3 IN SEA OF PPIAWY INDGE ROIDMN. MULTIPLICATION IN THE CENTRAL NKVOLS SYSTEM OF MONKEYS.

a Therese Couderc'. Christina Christodouloul, Florian
.mboonchart , N. sarpravati and S. SirinevLn. Hotaud

0
, Helt.a Kopecks', Susan Marsden-, Leslie Frank

Purulty of Science, lahidol University, r 10400, Thailand. Taffs- Philip Minor-
, 

and Radu Crainic. 'Virologie

The flnding. in sers collected from dengue hemo-rnegic MHdiale and -Virologie oldculaire. Institut Pasteur.

fever (OW) patients during aminselon, before any treatment had Paris. France, and -National Institute for Biological

been given, can be simmarlzed as follcW: Standards and Control, Blanche Lane. Potters Bar. UK.
1. C3 depletion acconparying by the presence of C3 split

pr.dcts correlated wit yeveiby of prlness. In order to detect virus-containing neural cells in

2. Viu es can be iolated from 9 ot t of 29 primary de" poliovirus-infected monkeys, we developed in situ

L2ectd patients (31.0.). 7 of them -r ide ti of dengue hybridization for viral RNA with a poliovirus-specific

type 3 virus, and the other t o were den type and type 2. riboprobe (nucleotides 221-670 from the 5' non-coding

3. in saCute phase, only IuM antibodies to dengue viruses region of type 1 poliovirus (PV-S) Mahoney). Using this

can be detected by ELISA technlque. Iesa antibeoi are method, the presence of poliovirus genomes was studied

aginat N03 ao 15 polypeptidea as detected by lmonrsoblot with in histological preparations of the central nervous

enzy-eirnomsmey. syste (CNS) of monkeys inoculated intraspinally with

4. ELISA to detect specific dergue I antibody m-' virulent or attenuated (Sabin) PV-1. In monkeys paraly-

nnroblot to detect W antibody to derguo peptide in acute zed after the inoculation of a neurovirulent revertant

Sero revea d negative result. in all cases. IgG antibodies to of PV-1 /Sabin strain, viral RNA was detected in motor-

envelope protein (E) and 013 ari the first two antibodies to neurons and their processes and in polynuclear and small

polypeptide shich can be identifled in convalescent mera. neural cello. By quantitative in situ hybridization. the

In ae cases, antlby to NS3 appeared before the IgG antibody viral replication at the single-cell level was analysed

to Envelope protein, and it was thus shown that the death of motoneurons was

Data suggested that in primoy dergoe infection, shock due to the direct effect of polionirus replication in

syroicre occurred without an enistence of I&G antibodies to these cells. The role of polynuclear cello seems to be

dengue virum, while IgM antibodies appeared in osar cases. confined to the removal of necrotic neurons. The study

A.tio!ea to the 053 and NS5, which are the virus nontructural of neural histoiogical lesions of monkeys paralysed

,roteif, appearei dpidiy. an elstence of dergn Viruses, after infection with attenuated PV-1 as compared to

I&M and IG -ntibay, C3 aplit products, and antibodies to those infected with the virulent strain revealed two

.zer..e poLyprldes in connetlon with the "Verity of this a jor differences z i) the number of destroyed motor-

dns,.se etU I prvoo:tnd a discussed. neurons was reouced and limited to the inoculation site
and ii) the inflaminatory reaction was localized but was

... s work -o scyir,,O h a reearch gan, frcm U.5. Agency for note intense.
L-'.-:zrnoticorai n . gr rAD a, i-nt no. 936-5542-C-00-2029-00
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POINT MUTATIONS AND A LGE DELETION RESPONSIBLE FOR THE A ,O1MjPARAtIVE STUDY ON THE SENSITIVITY OF JAPANESE
ATTENUATED PEMTYPE IN NEURALIZATION ESCAE t TANTS FROM A ENCEPHALITIS VIRUS IN R.MONKEY AND MICE
CHIMa&IC TYPE IITYPt 2 POLIOVIRUS. T Couderv'. A Martin'.
C. Wychowaki. e. Girard-. F. Horaud- and R, Ceinic'. -Medical
Virology Unit and Molenular Virology nit. Pasteur Insitute. Ao Jian* Yu YongXin* Li HeMln* Natiovnl Institute
Paris. Prance. for the Control of Pharmaceutical and Biological

Ptoducta, Ieijln'g 100050, China

A chmaeric polio-i-us uesconstructed by substituting the
50nia~eniC sits 1 lanivv acid sequence 55 thronehS0 io crapeld

pIlypebtide cP1 of type i yolioniru. (P0-Il Zaonys rainwisn The sensitivity of Japanese encephalitis virwe(JEVi
that of PV-2 Lansing strain (Martin c..--.# . EKD J. 1955. 21 in monkey and mice Is unknown yet. Many Researchers
2o39). Ai compared to its PV. parent, the antigenic hybrid virus on the study of the safety of JE live vaccine should
,hus obtained (Yl0) .a neur -ieed by antibodies directed be passed through monkey finally. We have studied the
.aainst snsiaenic se 1 v Pa-S and ma. 1eurovirulent for mice.

sussa limasion eecspe eucavcsnee isolated Yros niO cith two FY- pathogenicity of JEV in monkey and mice and found oaut
2 sie inustan .. onconal antibodies (tL.bs), Ito (9 that the virulence of JEV was declined following the
_:ca nd se1o morant e. rhs est scos toanetca lizarnon increasing of pas&age-timea in Primary Hmster kidney

with KOb Ste as cot alMay1 aoompanied by 1eeeitsnzs so antibody cell(PIIC). ConcernIng the 614 parent stain, when
Ho. confirmang ch possible indepndant vaeiation sC the s e Co.
2lp.acific pitope. m5tatons csue in resistance to 0b no the 050 in weanling mice was 5.00-6.3, the L.50 in

clustered in the pacs f PV- sequence of VPI (Lys veanling monkey was also )5.50. When the filial
99 and ACs IGo0. ahils 1h..e r. I1o were found In the N-tr-inal strain was paseuged at 50 times, the LD50 Ir weanling
if sigsenic _ te i as isp 93 and Asp 05. and alo .otolde the mice was declined to 1.43-2.44, the 4 tested weanling
ntigeniceplacement locp at Leu 104. "n one of the escape eOT

eutsnte 55l 01). the -hole abul "tuted sequence (as 94.1 02w monke were sacrificed jost only one, Its LD50 ems
deleted. AS ..gesced hy thecnshbilty of the virus a,1 C. f0.0. While it was pasuged at 100 times, the 1050

mutation6 Ap Ni -> Clv (h1r nt Asp N1 -> An), Lye NO - Glu, in weamling mice was further dropped to (0.0-3.,8,
arg 100 - H is nda .l-n deleion alteed rhe tapetd stability and there were 8 to fall fever, one appearing Neu-
vS vhenn .goed viruses Lire the parents u-.a i moas of nor rotic symptoms amoung the 17 tested weanling monkeys.

se ure. ha e the prel,, n.ceps ap 01-e G11 The 5 strains of live vaccine have completely lost

varlans and the 55-105 dniacion stant. vhicere iS_, Whi. th6 the virulence both in monkey and mice. Acoordlng to
te- character 1ss snompanied by the lose 05 asuromiruleace in these data,.e considered that the pathogenicity of
mil, tbs t$- sases oss not ilap ., e c.td ms iulancm, JEl was equal to monkey and mice, even the mice was

blc Yn ...... vint the ..ta'i on induced an attenuatedaheope iemore sensitive than the monkey. govever, the clinical
phenotyps. study was not enough to prove using mice in stead of

monkey. For this purpose, we have to study the chan-
ges of cytopathology caused by JEV both in monkey and
mice.

-- :3 miI llm im i mmmmmmlmlllII I Imn51
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CW5AACTERIZATION Cr THE YELLOW FEVER VIRUS 17DO STRAIN. A SINGLE AMINU ACID EXCHANGE IN THE E-
F.R.Post;R.Carvalho;C.N.Santos;O.S.Lopes and R.Galler*. PROTEIN OF TICK-BORNE ENCEPHiLITIS-VIRUS
Fundagao Oswaldo cruz.Departamento de Bioquimica e Ejo- LEADS TO ATTENUATION OF MOUSE VIRULENCE
logia Molecular; Biomanguinhos; Rio de Janeiro, Brazil H. Holzmann, F.X. Heinz , C. Mandl, F.
CEP 21040. Guirakhoo, C. Kunz. Institute of Virology,

The Oswaldo Cruz Foundation produces several million University of Vienna, Austria.
dosis of yellow fever vaccine each year, accounting for Variants of tick-borne encephaliti- (TBE)
a large proportion of the YF vaccine prepared worldwide, virus were selected by growing the virus in
As part of a broader program to determine the molecular the presence of neutralizing monoclonal
basis for attenuation of flaviviruses using YF as a antibodies. Seven mutants were thus
model, he YF 17DD strain should be characterized in obtained, which differed by the wild-type
detail. We report here on the purification of the 17DD by only a single amino acid exchange and
virus directly from virusinfected chick embryo homogena- had lost their capacity to bind the
tes, which is the source of virus used for vaccination selecting monoclonal antibody.
of millions of people in Brazil and other countries for The amino acid exchanges were located at
almost 50 years. different sites in the envelope protein E

Neutralization and haemagglutination tests showed of TBE-virus, corresponding to different
that the purified virus is similar to the 3 riginal stock. antigenio domains.
Furthermore, radioimunoprecipitation of S-methionine- These mutants were compared with respect to
labeled viral proteins using mouse hyperimune ascitic their virulence upon i.c. inoculation of
fluid revealed identical patterns for the purified 17DD suckling mice and s.c. inoculation of adult
virus and the 17D-204 stock. Finally. comparison by mice. One of the mutants revealed a
northern blot hybridizations of virion RNAs of purified strongly reduced pathogenicity after
17DD with two other strains of 17D virus(17D-204 and 17 peripheral inoculation, but retained its
D-213 ) shows genome-sized molecules for all three capacity to replicate in mice and to induce
viruses. We are now constructing a cDNA library of a high titered antibody response. Infection
the purified 17DD virus in order to derive the nucleoti with the attenuated mutant resulted in
de sequence corresponding to the vaccine phenotype. resistance to challenge with virulent

This work was supported by FIPEC(I.1940-2) and CNPq. virus.
We thank C.H.Rice for the gift of 17D-204 virus and cDNA
clones.
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EFFECT OF SUBSTITUENT ON THE MODE OF ACTION OF COMPLE HENT AND CIRCULATING IMMUNE COMPLEXES IN THE

ANTIRHINOVIRAIL 9-BENZYL ?URINES. PATHOCENESIS OF SHO K AND LEAKAGE IN DENGUE HAEMOR-

J.W.T. Selway* and J.L. Kelley, Wellcome Research RHAGIC FEVER
Laboratories, Beckenham, Kent, U.K. Burroughs *Malasit P, Mongkolsapaya J, Singhathong B, Nimmannit S,
Wellcome Co., Research Triangle Park. N.C 27709, and Suvatte V. Dept. of Medicine and Pediatrics, Siriraj
U.S.A. Hospital, Mahidol U., Children Hospital, Bangkok

Rhinovlruses are an economically important and Thailand.

therefore attractive target for chemotherapy. The Complement system is known to be activated in Dengue
9-Benzyl purines are new agents which inhibit repli- Naerorrhagic fever (DHF). Circulating immune complexes
cation by binding to the virus capsid. Previous (CIC) had been incriminated as the main cause of its
studies have demonstrated sizilarity in the mechanism activation. To confirm the above findings, complement
of action of BW 4290 and 4',6-dichloroflavan (BWb83C). C3, C4 and anaphylatoxine (C3a and C5a) were measured in
a known capaid binding compound. In this study the the plasma of 36 patients with DHF. Circulating immune
mechanism of action of two 9-benzyl purines has been complexes were essayed by Clq and Conglutinln bindi ,
compared. BW B429U and BW C160U differ by CFs and Ci, assays. Soluble terminal complement comple (SC5b-9) was
at C2 of the purine nucleus. Mutants which are assayed by an ELISA method. Levels of C3 and C4 were

resistant to the compounds are cross-resistant. In found to be low during the period of shock and/or during
potency and yield reduction the compounds are similar the subsidence of fever. Their levels correlated in-
but their effects in time of addition and direct versely with the disease severity. Sharp and high peaks
inactivation studies reveal that both compounds bind of C3a, C5a and SCSb-9 were detected at the time of the
but BW B429U inactivates also. The difference in appearance of shock. Small amount of CIC were detected
action may be due to the strongly electron-withdrawing by the two assays and their levels correlated poorly
CF5 substituent. The rhinoviruses have antigenically with disease severity.
distinct immunogenic areas on the capsid. This The above findings confirm the active role of com-
variation in protein may cause the differences in plement/anaphylatoxins in the pathogenesis of shock in
binding affinity of antlviral agents. 9-Benzyl purines DHF; but fail to identify significant amount of CIC.
may be useful tools in the determination of rhinovirus Compared with the profiles of complement activation in
capsid structure and function, typical circulating Immune complex disease such as SLE,These studies highlight the difficulties in relatively larger amount of anaphylatoxins were gene-
developing broad spectrum sntirhinoviral compounds, rated in DHF. The complement system was activated to

completion in DIF as indicated by the raised levels of
SCb-9 complex. The data indicate a very efficient com-
plement activation in DHF.

52



P 137 P 138

THE MECHANISM OF ALTERED SINDBIS VIRUS NEUROVIRULENCE MODIFICATION OF POLIOVIRION PROTEINS BY HOST PROTEASES
ASSOCIATED WITH A SINGLE AMINO ACID CHANGE IN THE E2 T.Hovi* and M.Roivainen, Mal Biol Unit and Enterovirus
GLYCOPROTEIN Lab, National Public Health Inst, Helsinki, Finland

Tucker
1  

2 Selective cleavage of the BC loop of VPI is a known
Pamela C. 

I
, Chang S. Hahn , Ellen G. effect of the intestinal protense trypsin on several

Strauss
2
, James H. Strauss

2
, and Diane E. Griffin,* poliovirus strains. We have found that plasmin, the

activation product of the plasma proenzyme plasminogen,
'The Johns Hopkins University School of Medicine, is also able to bring about VPl cleavage and concomitant

Baltimore, MD and 
2
California Institute of Technology, antigenic changes similar to those produced by trypsin

Pasadena, CA (Ref.1).
Changes in the amino acid sequences of both the Studies with neutralizing monoclonal antibodies with

El and E2 glycoproteins of Sindbis virus have been known target sites in the virion indicated that, as a

demonstrated to affect virulence. However, the consequence of the cleavage of the BC loop of VPI, other
mechanism by which these changes alter virulence is antigenic sites become more easily accessible to anti-
unknown. We have studied two recombinant viruses, TE bodies (2). This conclusion was based on titer increa-

and TES, containing either Gly (TE) or Arg (TES) at ses determined with RACINA, a new assay specifically

residue 172 in the E2 glycopiotein. TE causes developed for measuring neutralizing antibodies to
earlier death (3.6 d) than TES (4.8 d, p 4.001) protease-cleaved polioviruses (3).
after s.c. inoculation of newborn mice. Growth of the While representatives of all three serotypes of
2 strains is similar in BlK and - cells but TE grows pollovirus can be cleaved by host serine proteases, a

more rapidly than TES in N-18 neuroblantoma cells and type 3-specific phenomenor was an apparent icavage-
in the brains of newborn mice. TE induces viral RNA induced enhancement of the uncoating phase of the vira

l

synthesis in N-18 cells earlier than TES an binding replication cycle (2).
of TE to N-18 cells is more efficient than binding of These observations suggest that the host enzyme-
TES. These data suggest that the amino acid occupyir dependent modification of poliovirion proteins may have

position 172 of the E2 glycoprotein is important for a role in the pathogenesis of pollovirus infection in
binding of Sindbis virus to neural cells and that vivo.
amiro acid changes at this position affect neuro-
virulence. References:

(1) Roivainen et I., submitted
(2) Roivainen, submitted
(3) Ilovi and Roivainen: J Clin Microblul 27:709-12.1989
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PATHOGENICITY AND REPLICATION OF ENCEPHALITIC DENGUE INFECTION LLICITS CROSS-.lEACTIVE ANTIBODIES TO
TOGAVIRUSES IN MOUSE ORGANOTYPIC SPINAL CORD PIASIINOGEN.
CULTURES. rLewis Markofl, Laboratory of Infectious Diseases, NIAID,
Shahar, A.. Lustig, S., Akov. Y., David. Y., NIl, inthesda, MI) 20892.
Schneider, F. and -Le in, R. Department of Computer analysis of the predicted amino acid so-
Virology, Israel 1utttute for Biological qonice ov Lhe dengue envelope glycoproteln (serotype 4,
Research. Neo' Ziona 70450, Israel. strain 814669) revealed that it contains a sequence of

20 amino acids (residues 101 to 121) with similarity to
1he pathogenicity of two ercephalttic a 21 amino acid sequence contained in a family of see-

t'javtrises, stndbis sirus (SV), an alphavirus ine proteasos which function in blood clotting (plasmin-
and West Nile virus (WNV), , - flavirus, was ogen, proihrombin, Factor X, tissue plasminogen activa-
studied -i, or'ganotyptc cultures of fetal mouse tor, urokinase). ihe dengue envelove sequence in ques-

vpirhai cu9 -mce-. qe(wn In roller tubes. Lion is highly conserved among flaviviruses. ELISA
,iter atJiut - ne nt_ itS . during which using murine hyperimmune ascitic fluids indicated that
tie tie ulitures became abundantly myeliriated. dengue hut not Japanese encephalitis (dE) or St. Louis
tiie w'e intected either by hol' pfu 3V or encephalitis virus antibodies could cross-react with
-, dIol pfu fNV per culture. lhe vruses plasminogen and prothrombln. ELISA using peptides con-
cau-ed different patterns of cytopathcgenttty: firmed the site-specificity of the cross-reactivity

r ,Jdooed scum' cyt.tootc1 ty In all gl.o wlth plasminogen. ELISA using human sera from Thai

-ellr and "etc th i .oncomitant patients revealed that about 70% of individuals experi-
dir i[tnut t,' wi thin 46 hours. I, cuntrast, enclog a secondary dengue infection developed a transi-
c.Y,* o.en 4 day:. aft.r in+ectton caused only ent cross-reactlive antibody response to plasminogen
, 1iC cytotathic_ effects mainly to neurons und (IgG class antibody detected in acute but not convales-
a troaytes and a slight degree of damage to cent era). in contrast, sera from ten patients in-
LI l yel i, steath. A -rut remarkable fndtr. fected with JE virus were negative compared to a panel
aas tne etit-aperift if WNY particles in the of 17 controls. Cross-reactive antibodies are pre-

terirltad I ti of. the mcclin sheaths. dicted to bind plasminogen 19 amino acids downstream
rea.tnit (,t cuttres with mouse alpha and from the serine aclive site. Further studies are in

lt i tirtte'oti pr ior to tlttr inectton sith progress.
.itter ,~t~)s tite-tid the cultures froe am,
ir daage. Long-term erposire of

noinifected control -rganotyptc cultures at
+toal sillfh cord slices to mouse interferons
tad rtu si4ttitant effect on neurial and

jial s l ,ftfc' It , 1 arrd mpeli formatiln.
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USE OF RECOMBINANT VACCINIA VIRUSES EXPRESSING DENGUE PROTECTION BY SACULOVIRUS EXPRESSED PROTEINS OF JAPANESE
STRUCTURAL PROTEINS FOR IMNUNIZATION OF MICE AND ENCEPHALITIS VIRUS. J. McCown, M. Cochran, R. Putnak, R.
PRIMATES. M. Bray

I*
, B.T. Zhao

I
, J. Strauss

2
, E. Feighny, J. Burrous, E. Henchal. C. Hoke*. WRAIR,

Strauss
2
, K.H. Eckels

3
, R.M. Chanock

1 
and C.J. Lail. Washington, DC 20307 and MicroGeneSys, East Haven, CT.

1. NIAID, NIH, Bethesda, HD 20892 2. California The polyprotein gene of Japanese encephalitis virus
Institute of Technology, Pasadena, CA 3. Walter Reed and genes coding for the E and NS1 glycoprotein were
Army Institute of Research, Washington, D.C. cloned into baculovirus expression vectors and expressed
Recombinant vaccinia virus containing the capsid (C), in Spodoptera fugiperda cells. Crude cell lysates were
pre-membrane (pie-M) and envelope (E) glycoprotein administered to C57 black mice in threee doses at 0, 3
genes of strain 814669 dengue 4 virus produces pre-M and 14 days. Mice were bled on day 21 and challenged
and E glycoproteins. Mice ibunized with this with approximately 100 LD50 of Nakayama strain Japanese
recombinant were protected against an intracerebral encephalitis virus. Survival was increased from about

challenge of 100 LD50 of strain H241 dengue 4 virus. 30% in control mice to 709 in E and polyprotein recipi-
Vaccinia recombinants expressing only E also protected ents (pe.005 for both groups compared to control), but
mice against encephalitis. Although antibodies to E in was not increased in NSI recipients, despite the devel-
sera of immunized mice were low or undetectable, opment of antibody by NSI recipients. Virus neutraliz-
resistance to challenge was induced through transfer of ing antibody was demonstrated in 15/20 polyprotein and
serum, indicating that humoral immunity plays a role in 18/20 E glycoprotein recipients, as compared with 0/20
protection. A recombinant whish contains the C and pre- control and 1/20 NSl recipients (p4.000001 for E and
M genes produces apparently authentic pre-M. Mice polyprotein recipients). Antibody against crude lysates
immunized with this recombinant were partially of Japanese encephalitis virus infected cells were found
protected, indicating that C and/or pre-M may be in E and NSI recipients and against purified virion in E
recognized as antigens and contribute to inunity. A recipients only. We conclude that baculovirus expressed
recombinant which expresses pre-M and E of the S-1 E glyoprotein stimulates antibody which is both protec-
candidate vaccine strain of dengue 2 induced solid tive and neutralizing and may form the basis for a vac-
protection against challenge with 100 LD0 of New cine suitable for human use. NS1 antibody was neither
Guinea C strain dengue 2. Mice immunized with the protective nor neutralizing.
dengue 2 recombinant were cross-protected against
dengue 4, but animals immunized with the dengue 4 C-
preM-E recombinant showed no resistance to dengue 2.
Neither recombinant protected against dengue 1.
Rhesus monkeys were immunized with a recombinant
expressing dengue 4 pre-M and E and non-structural
protein NS1. The monkeys developed antibodies to NSl,
but were not protected against homotypic challenge.
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PURIFICATION OF NATIVE AND RECOMBINANT PROTEINS IN THE MOLECULAR MECHANISMS INVOLVED IN THE TEMPERATURE-
PR OUCTION OF DENGUE VIRUS VACCINES. SENSITIVITY AND ATTETn'ATION OF SABIN 3 POLIOVIRUS
RJ Feighnyf, MJ Burrous, CJ Lai, JN McCown, CH Hoke. A J Macadam*, J Hogle' and p D Minor
Walter Reed Army Institute of Research, Washington, DC NIBSC, South Mimms, Herts. EN6 3QG, UK and Iscripps
20307-5100 Institute, La Jolla, CA 92037 USA.

Purification of both native and recombinant dengue A single amino acid change in the capsid
virus proteins has been accomplished by the use of ion- proteins of p3/Leon, the progenitor of the Sabin
exchange HPLC technology. Silver stained SDS type 3 vaccine strain of poliovirus, renders the
polyacrylanide gels demonstrate that the proteins are virus temperature-sensitive (ts) and also confers
greater than 95% pure, showing one band with native pro- an attenuated phenotype. Reversion of the ts
tesn from dengue-2 and less than five bands with puri- phenotype, whether by direct back mutation or by
fied recarbinant dengue-4 protein. The proteins are re- suppressor mutation, results in loss of attenua-
active with polyclonal sera in western blotting assays. tion. Such a strict correlation between phenotypes
The purified native dengue-2 envelope glycoprotein has is a prerequisite of any in vitro marker for
been injected in mice eliciting production of antibody attenuation. Since a ts phenotype may be the
to the protein. Maintenance of antigenicity is highly result of other, non-attenuating mutations we have
dependent upon the methods used to disrupt the virus or been investigating the processes affected by
cells. Different detergents have been used, nonidet P- temperature as a result of this attenuating
40 is superior for the disruption of native viron pro- mutation (VP3 91 ser-phe) in the hope that such
teins while octyl beta-glucoside is best suited for re- information may allow us to screen for attentuation
combinant proteins. Current experinents are underway to in vitro.
determine the feasibility of using either purified na- The positions of VP3 91 and suppressor
tive or recombinant proteins in the production of vac- mutations in the 3D structure suggests that a phe
cnes, at VP3 91 may result in structural thermolability

and that suppressors may act by stabilising the
native capsid structure. Differential thensol-
ability between Sabin 3 and P3/Leon has not,
however, been found. Other strxctces, in)lee in
cell entry, uncoating or assebly may be afftv..ted.
One-step growth experiments showed that RNA
transfection did not relieve the ts. Thus there
appears to be at least one te step late in
infection. The effect of terperature on assembly
processes of the vaccine strain is currently being
investigated.
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BIOLOGICAL AND BIOCHEMICAL CHARACTERIZATION OF APHTHOVI- PREPARATION OF A PURIFIED, INACTIVATED HEPATITIS A

RUS ATTENUATED STRAINS VACCINE

I.E. Bergmann'*,A.T. Giraudo
2
,E. Reck3,P. Aug; de Hello Dubois, D.R.*, Eckels, K.H., Binn, L.N., Ticehurst,J.R.,

I. Gomes , E.A. Scodeller
2 

, J.L. La Torte Cohen, W.H., Timchak, R.L., Barvir, D.A. and Harchwicki,

Pan American FHDV Center, Rio de Janeiro, Brazil; 2Cen- R.H., Dept Biologics Research, Div Comm Dis and Immunol,

ter for Animal Virology, Buenos Aires, Argentina; 3Zen- Walter Reed Amy Inst Research, Walter Reed Army Medical

trum fdr Molekulare Biologie, Heidelberg, FRG Center, Washington, D.C. 20307-5100

To ascertain the nature of the genetic changes asso- A purified, inactivated hepatitis A virus (HAV)

ciated with virulence in cattle, we analyzed the bioche- vaccine was prepared from human diploid HRC-5 cells

mical and biological differences between aphthovirus at- infected with the HM-175 strain of HAV. The clarified

tenuated strains and their respective wild-type strains, harvest was inactivated with 0.05% formalin and part-

As expected due to the high variability of RNA viruses ially purified and concentrated by ultrafiltration.

and to the multiple passages used to generate these atte The concentrate was further purified by isopycnic den-

nuated strains, molecular weight and charge differences sity gradient centrifugation in Renografin-76 (diatri-

between the polypeptides of the attenuated strains and zoate meglumine and diatrizoate sodium). The major peak

their respective wild-type strains were scattered of HAV antigen contained complete virions and was sep-
throughout the entire enme. A feature comon to all arated from subviral antigen and host cell protein.the attenuated strains analyzed was an alteration in po- After pelleting, the purified HAV was resuspended to a

the tteuate stain anayze wasan lteatio inpo- concentration nf 1 ug/nl, adsorbed to alum, followed by
lypeptide 3A. Sequencing of cDNA copies coding for this addition of pe /vte ahsor ed accine by

polypeptide, identified a genomic deletion, of variable addition of a preservative. The purified vaccine (PI-2)length in the different attenuated strains. Analysis of was compared to an earlier non-purified vaccine (Fl-I)
the in vitro markers of attenuation in primary bovine shown to be immunogenic for human volunteers. The HAV-

kidney cells (BK) as well as virulence tests in cattle specific antigen in the FI-2 vaccine was increased 139

of recombinant viruses, carrying the 5' or 3' halves of fold while protein concentration was reduced 100 fold.

either wild-type or attenuated strains, located the ma- Additionally, the FI-2 vaccine was 0 10 fold more

jor determinants of attenuation in the 3' half of the ge potent in mouse assays than the FI-I vaccine. These

nome, although, the 5' half could enhance the attenua- findings demonstrate the feasibility of producing a

tion effect carried on the 3' half. Moreover, analysis safe, potent, and puce vaccine that can be used to

of functional defects in BK cells demonstrated that the perform human dose-response studies.

attenuated strains have a diminished capacity for viral
R1lA synthesis, which was dependent on defects in the 3'
half of the genome. In addition a decreased efficiency
of viral protein synthesis, which depended on defects in
the 5' half of the genome could be observed.
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ML-17, a live vaccine strain of JEV, PATHOGENESIS OP LACTATE DEHYDROGENASE-ELEVAT-
is a M-protein mutant ? ING VIRUS INDUCED POLIOMYELITIS: INVOLVEMENT OF

AN ENDOGENOUS RETROVIRUS AND MECHANISM OF ANTI-

M.Tanaka, H.Hori, R.Kusano, S.Haishi BODY MEDIATED PROTECTION FROM DISEASE. John T.

K.Morita and A.Igarashi* Harry-, Christopher H. Contag, Grant W. Anderson, and Peter
Department of Virology, Institute of Tropical G.W. Plagemann. Department of Microbiology, Univ. of

Medicine, Nagasaki Univ., Sakamoto-machi Minnesota, Minneapolis, Minnesota, U.S.A.
12-4, Nagasaki , Japan 852 Susceptibility of mice to the paralytic disease associated

with acute lactate dehydrogenase-elevating virus (LDV) infec-

ML-1 7 is a live vaccine strain of Japanese tion is genetically linked to the presence of multiple copies of

encephalitis virus (JEV), created by repeated endogenous ecotropitc retroviral proviruses which are expressed

cell culture passages of JaOHOS66, a wild type in these mice after birth. Thus, disease is restricted to certain
strain isolated from post motal human brain, mouse strains. Including C58 and AKR. Paralysis In C58 mice
(Yoshida et.al.,1 981 ,Biken J. ,vol 

2
4,p

4
7-6

7
) correlates with the presen-e of LDV RNA and antigens in

The vaccine strain lacks several parental ventral horn motor neurons of the spinal cord. Accumulation
properties, such as, loss of viremia in swine, of endogenous retroviral RNA In motor neurons, which is

lack of developing encephalitis by peripheral inducible by agents which render mice susceptible to disease,
challenge in mice and poor multiplication in correlates with susceptibility of neurons to LDV infection.
vector mosquitoes. Substralns of CB and AKR mice differ with respect to disease

We are aiming to understand precise susceptibility which may be related todifferences in proviral
mechanism of the attenuation at a molecular number or Integration sites. Polyclonal and monoclonal anti-

level, and determined nucleotide sequences of LDV antibodies can protect C58 mice from neurological disease
the genom RNAs (from 5' termini to the ends of when present at the time ot infection. The mechanism of

E-protein region, so far). protection does not involve elimination of LDV; the antibodies
Six amino acid alterations were specifically prevent Infection of target motor neurons without

accumulated in PrM and M-protein region, interfering with LDV infection of macrophages or non-neuronal
though no nucleotide change and no amino acid cells In the CNS. Protective monocional antibodies have been

alteration were observed in 5' non-coding and, used to identify two temporally distinct stages in LDV patho-
C and E protein region , respectively. genesis. These two stages can be separated by an intermediate

Comparison of nucleotide sequence on non- event required for Initial neuronal infection, at which time
structural and 3' non-coding region is still the virus Is not accessihle to the protective antibodies. This
going on. However, the accumulation of six intermediate event may involve axoplaamic transport of LDV

sense mutations only in M-protein strongly through the peripheral nervous system to the CNS.
suggests that the mutations correlate with

unique ML-17 phenotypes.
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BIOLOGICAL VARIATION IN RUBELLA VIRUS STRAINS. ANTISENSE OLIGONUCLEOTIDE INHISITION OF
J.K. Chantler* C. Toi, L. Smyrnis, N. Miki and K. Lund. ENCEPHALOMYOCARDITIS VIRUS (EMCV) RNA TRAN-LATION
Medical Micro., University of B.C., Canada V6T Il5 Sabita Sankar*, Keat-Chye Cheah and Alan G. Porter

Inst of Molecular & Cell Biology, National Univ
Eight strains of RV, including both wt+ and vaccine of Singapore, Kent Ridge Crescent, Singapore 0511,

strains have been compared for differences In biological Republic of Singapore
properties and risa tropism. In vivo these strains We report the inhibition of encephalomyocarditis
at kInown to vary in their association with induction virus (EMCV) RNA translation in cell-free rabbit
of both arthritis and neurologic complications following reticulocyte lysates by antisense oligonucleotides
acute infection. In VERO cells, the vaccine strain R&27 (13-17 mers) complementary to (i) the viral 5' non-
regroducibly grew to lower titres than other strains at translated region (NTR), (ii) the AUG start coJon
35 C, and was relatively teaperature-sensitive being and (iii) the coding sequence. Our results
almost completely inhibited at 39

0
C. Differences were demonstrate that the extent of translation inhibition

also found in the oloctrophoretic mobilities of the sub- is dependent on the region where the complementary
specis of El and E2 glycoproteins produced in VE N oligonucleotides bind. Noncomplementary and 3'
cells by each strain, following Vestern blot analysis. NTR specific oligonucleotides had no effect on
This antiganic variation was also notable by iune translation. A significant degree of translation
paroxidase (I?) staining of infected VERO cells using inhibition was obtained with oligonucleotides
several polyclonal antisera to different strains at RV, complementary to the viral 5' NTR and AUG initiation
and also monoclonsl antibodies to the El glycoprotain codon. Digestion of the oligonucleotide:RNA hybrid
of the M33 strain. Both quantitative and qualitative by RNase 1 did not sgnificantly increase translation
differences in the staining patterns were obtained, and inhibition in the case of 5' NTR and initiator AUG
only partial cross-reactivity was found between certain specific oligonucleotides; in contrast, RNase H
strains, particularly RA27 and Therion. digestion was necessary for inhibition by the cod-ha

The relative permissiveness of various specific oligonucleotide. We propose that 1i) h'
differentiated human cella to each strain has also been NTR specific oligonucleotides inhibit translation
examined including lymphoreticular cells, primary by affecting the 40S ribosome binding and/or passage
synovial membrane cultures, a chondrocyts cell-line and to the AUG start codon, (i-) AUG specific
mixed cultures of astrocytes and oligodandroglia. Viral oligonucleotides inhibit translation initiation
yields from each call type were determined and viral by inhibiting the formation of an active 80S
antigen production assessed by IP staining and in some ribosome, and (iii) the coding region specific
cases, SDS-PAGE. The results have indicated that a wide oligonucleotide does not prevent protein synthesis
range of human cell types sre permisive to V arid that because the translating 80S ribosome can dislodge
the RA27 and Cendehill strains show the most selectivity the oligonucleotides from the EMCV RNA teplate.
in their choice of host cell.
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MONOCLONAL ANTIBODY RESISTANT ESCAPE MUTANTS e+nLFCULAR DETEP.RINANTS OF JAPANESE ENCEPHALITIS

OF JAPANESE ENCEPHALITIS VIRUS WITH REDUCED MOUSE VIRUS VIRULENCE

NEUROINVASIVENESS. Scrachal Nitayaphan,* Joyc- A. Grant, cnd Derois A.

By Cecilia Dayaraj and E A Gould* NERC Institute of Trent

Virology, Mansfield Road, Oxford OXl 35R. Div. Vector-Borne Diseases, Centers for Plsac

A panel of monoclonal antibodies (Mab) was prepared Control, Fort Collins, CO 80522

using a strain of Japanese encephalitis (JE) virus isolated in Japanese encephalitis (Jt) virus belongs to tt,

Sarawak. The Mab were characterised antigenically by family Flaviviridae and is a major cause of

indirect immunofluorescence, plaque reduction neutrali- encephalitis in humans. The live-attenuated

sation in vitro enhancement of infection and mouse SA-14-14-2 vaccine strain has been characterized hv

protection tests. comparison of nucleotide and deduced amino acid

Molecular specifications were analysed by immunoe sequence with the virulent SA-i4. There are 67

blotting and radioimmunoprecipitation. nucleotide differences between the two viruses
Mab that neutralised JE virus were used to derive scattered throughout the 10976 nucleotides in the

neutralisation resistant escape mutants from the plaque genome. These sequence changes have resulted in 27

purified parent strain. The mutants were analysed by amino acid differences in a total of 3432 amlno
immunofluorescence, immunoblotting, haemagglutination acids. Comparison of the amino acid sequence of
and neutralisation tests with the entire panel of Mab, to the SA-14-1i-2 vaccine strain with 3 virulent JE
map the epitopes. The mutants were compared with the strains: SA-i , JaOArS982, and Beijing 1 , reveals
parent strain for mouse neurovirulence by intraperitoneal that 14 of the 27 changes in the SA-14-14-2 vaccine
inoculation. Reduced neuroinvasiveness, as judged by are unique; I In the capsid, 5 In the envelope, I
decreased virulence was observed with a few escape in ns2a, I in ns2b, 3 in NS3, 2 in nuda, and I in
mutants. The implications of these findings will be N85. A transversion U to A occurred in position 3g
discussed. of the 5-noncoding region in SA-14-I-2 vaccine

strain. Of three nucleotide changes in
3'-nonLdIng region, 2 are raccine-specific.

Production and genetic manipulation of infectious
clones will help to define the specific nucleotide
changes which affect In virulence.
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EXPRESOIO4 OF A OLYCOPROMMI INVOLVED IN POLIOVIRUS
ATTACBMENT COPMtELATZS WITR T139 ORGAN TROPISM Or
FOLIOVIRUS .
Michael P. Shapleyef aod W(ouerd L. Weiner, #Dept. of
Medicine. dana-Farber Cancer Inst., Karvard Medical
S choo. I n C tr f or Nfaurologic Diseases, Brigham and
Women'; Hasp.- , Bstoa MA.

Unique reepoat. for poliovirus are the
primary determinant ofthe v Iu celadtiseyp
specificity. An antibody which specifically boc k. the
cytopathic effects,' and binding, of poliovirus woo
previously generatred Using HeLa calls as immunogen
(Shepley, et &1. 1988, PHAS 550743). This antibody
(designated AF3) detected a l00-kDa protein, upon
immunoblot. in only' those cell lines and tissues
ptermissive for polnovirus Infection. AF3 identified
the 100-hO. protein In membran preparations from
human spinal cord, but not in rgan homogenates of
huan kidney or of any murine tissue examined.
Furthacer..a imeunoblot analysis demonstrated an

asciatorn between espression of the AF3 epitope with
huma choosm 719 *-hIch is known to confe
permissiwity to poliowirus infection,. A direct
correspondence between expression of the 100-koa
glycoprotein and in dvivo persissivity to infection
c oulId be .stcb'isr-d-li ienohistochemical studies
A13 ,tained neurons in the reticular formation and
cl ustern of brainstem neurons, consistent with the
know~n pattern of poliowirus damage. In the central

ne 'u ytem, te antibody a ppeared to react with
synapses. F1Itls reacted with the neuromuscular
untion., and not with adjacent muscle. These results

'ar csistent with suspected routes of entry end
dIssemiation of wiu, P3 slo bound human I and 8
cells, but not red blood calls, consistent with the
chset;.d re:plication of poliovirus in Payer'& ,.tches
and to.n&ils. These results strongly suggest that the
1D00-h.. basId detected by antibody AP3Iis, or is
closely asso Ciated with, the poiviu receptor site.
Biochemical purifi cation, and aino acid sequencing of
the 100-koo molecule are in progreas.
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ULTRASTRUOTURB 01 ISOLATED TOBACCO PROTOPLAS- AGGREGATION AND DEGRADATION OP TKV PARTICLES
TS IN THE COURSE OF LOG-TRM ISPECTION IN THE INTERCELLULAR SPACES OF TOBACCO LEAVES.
Yudakova Z.S.1 Tanashkina T.T., Zhuravlev Y.N. L. A. Varfolomevao, Yu. H. Zhuravlev, V. I.
Inst. Biol. Pedol., 960022, Vladivostok, USSR Malinovaky.

Some of virus-speoifio abnormalities oh- Institute of Biology & Pedology USSR Academy
served in infected plant cells (virus orysta- of Sciences, 690022, Vladivostok, U.S.S.R.
Is, 1-bodies etc.)are absent in virus inoou- The fate of tobacco mosaic virus (TVT)
lated protoplasts. These structures seem to be particles was studied following their injec-
connected with later stages of infection pro- Ion into the intercellular spaces of tobacco
cess. In order to verify this assumption the Nlicotiana tabacum L.) leaves of systemic
ultrastructure changes of tobacco protoplasts var. Samsun) and local lesion (vax. lanthi
isolated from preliminary (24 hr) TW OU ino- no.) hosts, as well as leaves revealed systs-
oulated plants were studied for 160 hr after mic acquired resistance (BAR) of plants var.
inoculation in sterile conditions of protop- Xanthi no. As revealed by electron mioresco-
lasts incubation. Just after isolation (40 hr py, an aggregation of infiltrated virus par-
postinfeotion) protoplasts contained virus ticles takes place immediately after injecti-
particles aggregates (VPA)Speoifio to cells on. At the same time, the infectivity of the
of diseased plants. During 24 hr of protop- homogenates of infiltrated leaves was found
lasts incubation, the YPA were disintegrated to reduce. In 24-48 h after injection, the
and virus particles were spread in cytoplasm, leaf homogenate infectivity and the specific
although the virus content per protoplast did infectivity of the TiT &rarations isolated
not reduced. The pronounced swelling of pro- from samples was reduce r e drop in imfeo-
toplasto during incubation period was the pos- tiity was followed by shorting of TiT viri-
sible cause for YPA disintegration. I-bodies one thus testifying to TNV particles inacti-
were absent in protoplasts just after isola- vation. No substantial distinctions displayed
tion, but small accumulations of osmiophilio in the degree of aggregation, degradation and
granules were found. These osmiophilio granu- inactivation of virus particles in the leaves
les were developed into granula structures of systemic and local lesion hosts. The in-
described us for the protoplasts inoculated vestigated processes in SAR leaves was found
in vitro. Later on granular inclusions increa- to be enhanced. These results indicated that
sed in number and size and became similar to the mechaniams of the initial defence direc-
granular-fibrillar inclusions and I-bodies of ted towards pathogens penetration into plant
TMI infected plant cells. Thus the ultrastruc- calls are similar in these hosts.
t' ;r abnormalities specific to virus infected
plant cells can be observed in virus infected
protoplasts.

MANIFESTATION OF THE N GENE IN ISOLATED TO- ULTRASTRUCTURE OF ISOLATED TOBACCO PROTOPLkS-
BACCO PROTOPLASTS AND CELLS. TS IN THE COURSE OF LONG-TERM INFECTION
V. I. Malinovskyob Yu. N. Zhuravlevp L. A. Yudakova Z.S.? Tanashkina T.T., Zhuravlev Y.N.
Varfolomeeva, I. D. Seletskaya Inst. Biol. Pedol., 960022, Vladivostok, USSR
Institute of Biology & Pedology USSR Academy Some of virus-specific abnormalities ob-
of Sciences, 690022, Vladivostok, U.S.S.R, served in infected plant cells (virus crysta-

The effect of infection with tobacco me- Is, X-bodies etc.) are absent in virus lnocu-
sai virus on the viability of protoplasts lated protoplaste. These structures seem to be
and cells isolated from the leaf mesophyll of connected with later stages of infection pro-
Niootlana tabsoum L. var. Samsun (a sensitive cess. In order to verify this assumption the
host) and var. Xanth no. (a hypersensitive ultrastructure changes of tobacco protoplasts
host) was examined. The leaves were infeoted isolated from preliminary (24 hr) TIV OM ino-
before protoplasts and cells isolation, or culated plants were studied for 160 hr after
the protoplasts were infected with virus in- inoculation in sterile conditions of protop-
mediately after isolation. The protoplasts lasts incubation. Just after isolation (40 hr
and cells isolated from diseased lanthi no. postinfection) protoplasts contained virus
plants during emergence of neorosis were of particles aggregates (VA) specific to cells
low viability, but when the protoplasts were of diseased plants. During 24 hr of protop-
infected after isolation from healthy plants lasts incubation, the VPA were disintegrated
they remained viable. No decrease in viabili- and virus partioles were spread in cytoplasm,
ty was observed in the protoplasts and cells although the virus content per protoplast did
isolated from the leaves of healthy or disea- not reduced. The pronounced swelling of pro-
sed Samaun plants, s well as from leaves of toplasts during incubation period was the poe-
healthy Xanthi no. plants or from the leaves sible cause for TPA disintegration. X-bodies
with completed lesions. The N gene was not were absent in protoplasts just after lsola-
induced if the infected Xanthi no. plants we- tion, but small accumulations of osmiophilic
re kept at 320C the protoplasts prepared granules were found. These osmiophilic granu-
from these plants were not destroyed. Howe- les were developed into granular structures
ver we observed some deterioration of cells described us for the protoplasts inoculated
isolated from these plants during the early in vitro. Later on granular inclusions ncrea-
periods of incubation. These results indiea- sed in number and size and became similar to
ted that the tissue integrity, the existence granular-fibrillar inclusions and X-bodies of
of cell walls in particular, plays a role in TMF infected plant jells. Thus the ultrastruc-
the N gone induction and expression. ture abnormalities specific to virus infected

plant cells can be observed in virus infected
protoplasts.
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METHOD POR IDENTIPICATION SOYBEAN S3RDS IS- TUT STRAIN-SPBCIPIC INCLUSIONS 11 THE INPEC-
PECTHD BY SOYBEAN MOSAIC0 VIRUS.* TED) TOBACCO PROTOPLLSTS
A.G.Trbitlip A.M.Okulov. Inst.of Biel.& Tanashkina T.VS, Yudakova Z.S,, Zhuravlev
Pedol., Par Bosten Branch of the Aced. aol., Y.N. Inst. Bi. Pedal., 960022, Vladivostok,
Vladivostok 22 USSR. USSR

Various all. regio where soybean is 0u1- The ultrathin sections of isolated tobac-
tivated are affected by different viruses, (co protoplasts infected by thermcrosistant
the highest damage resulting from soybean mo- (tr) and thermosenaitive (to) TRY strains were
saic virus (SMT), Infected plants produce examined in electron microscope. The virus
loes beans with fewer needs the grains being p articles end the virus-specific inclusions
often pigmented to complicate oil refining. (YSI) - granular structures ware found in
SMT is tranitted from generation to genera- cytoplasm of tha protoplasts in 24 hr after
tiozi via needs, end during vegetation spread* inoculation by tr strains (vulgare, ON,
to neighbouring tlent s the medium of vector- nuclear, kazakhnstan) and incubation at 240 or
Insects. Hence the use of inoculations of 32-. Special type of VSI, the dense camiophi-
healthy seeds tremiaval of infection source) lio bodies aids by side the virus particles
could be effective in combatting viruses. To ware observed in the protoplasts infected by
achieve this aim, the method for obtaining ts mutant ?iII8 at 24*, The virus particles
virus-free needs is necessary, ware absent while the number of dense osmiop-

The luminescence spectra of soybean hilic bodies considerably increased in the

graids haa two maxima. Wne of this is in ul- protoplasts at 32*. The capeid protein of T11T
traviolet, end second in in visible range of mutant KiIIS is known to denaturate losing of

spectrum. Ratio of visible luminescence inten- solubility at this temperature conditions.
aty to ultraviolet one for healthy seeds is Some other TUT strains producing Insoluble

more than that of virus-infected seeds. This coat protein (flavun, PM2) ware also demonst-

KProperty ma serves as criteria for identify- rated to accumulate similar dense osmiophilic
;n the hea thy seeds. A soematio diagram5 bodies in cytoplasm. Based on this observe-

was developed for an installation designed to tions one can conclude that it is possible
automatically select of healthy seeds. Nine- to differentiate between the intac t and coat
ty-aight per cent of the celeoted need mate- protein defective TNT strains by presence
rial will grow to yield an average of 20 per of dense comiophilic bodies in ultrathin
cent a year. The method is patentable. sections.

RNtA f.EPLICAJION COMPLEX FROM DATURA PLANTS MECHANISM OF RNtA REPLICATION OP POTATO VIRUS x
INFECTED WITH POTATO VIRUS X D.P.Grama*,V.V.DoI.1apl.Ju.MajoZ',N.N.Maahkovskiy
O.A.KushirenkolV.G.Krayev,G.V.Baranocv Institute of Microbiology and Virology of the
Institute of Microbiology and Virology Aced. Ukrainian Academy of Sciences 0252627.Kiev,USSR
Sci.UkrSSR 252627,Zabolotny str. 154,KievUSSN Mdoscow State University,119899.Noecow,USSR'

RNA-dependent RNtA polymeraes/RdRp/activity In infected plants, besides cellular RRAe,
was found In RNA replication complex Isolated virus-specific double-stranded RNA (repliceti-
from datura. plants infected with potato virus ye form - RP I is synthesized. it containe tar-
X/PVX/.The entyme was aseociated with membra- minal poly(A)-poiy(U) hybrid and extra G a t Y-
ne fraction sedimenting as 45%sucrose gradi- end of the minus strand. Except for RP, daREAS
ent band and can be solubilized using Triton of less length and co-terminal with 3'-end PVX
X-10O. Membrane-bound RNA-replicse from FyI- RNtA are synthesized in infected cells. In con-
infected plants catalized in vitro the synthe- trast with other positive-sense viruses repli-

sis of product that under fractionation on cativa intermediate (partly daRNA with single-
Sepharose 2B contained mainly high molecular stranded ends) have not been detected among
weight RNtA, genomic length ssRNA and minor virus-specific PVX RNA. Pule-chase experiments
quantity of low molecular weight RNA.Analysis revealed that radioactivity accumulated only
of the major high molecular weight RNA-product In RP and during chase radioactivity reduction
showed that it corresponded by 6 electrophcratic was not observed. This evidence suggests that
mobility to deRNA of M_ 4.010 DOenaturation synthesis of PVX RNtA carries out through f or-

anad annealing experimento showed that near cation an intermediate of conservative type
60% of the newly synthesized product was hyb- which turns into completely double-stranded
ridized to genomlc PYX RA.Partslly purified structure (HP) during phenol deproteinization.
preparations ltdRp from PVX-infected plants Virus-infected ceils,besides genoalo-sice RNtA,
when analysed by PACE native system contained also display two major RNtA 0.9 and 2.1 kb in
polypeptides of I, 120 and 190kD, posseusing length and at least four minor ones of 1.4,1.%.
RdRp activity T olypoptides were absent 3.0 and 3.6 kb.Ail these RNAS are polyadenyla-
in similar prepatatione from mock-inoculated ted and co-terminal to the 31-end of the PVX
plants. genone RNtA. By their length eubgenomic RNAS of

2.1,1.8,1.4 and 0.9 kb are similar to approp-
riate double-ctraxted liNAe. Subgenomic RNA of
0.3 ki was determined to serve as messenger
RNA for coot protein synthesis. Functions of
other subgenomic JRdAs are under investigation.
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PROTEIN KINASE ACTIVITY OP CAPSID PROTEIN OF STUDY OP PROTEIN PHOSPHORYIATION OF PLANT
RED CLOVER MOTTLE COMOVIRUS amPs INFECTED WITH POTATO. VIRUS I
L LpchIk', L. L.Kusnetzova, T.I.Artuh L.P.Didenkoe ,N.I.ParkhomenkoL.A.Maximenko,
Institute of Microbiology and Virology of the NN.Mashkovskl
Ukrainian Academy of Sciences, 252627 Kiev, Institute of Microbiology and Virology of the
Zabolotny str.. 154, USSR Ukrainian Academy of Sciences,252627 Kiev,

Red clover mottle virus (RC&V) virions ha- USSR
ve identical capeide composed of two different There was found protein-kinaee activity in
proteins (mol. wt 39- and 22 kD). The smaller the composition of free and membrane-bound
capsid protein undergoes limited proteolysie polysomal mRNP and free cytoplasmic mRNP in-
resulting in the significant (up to.ten times) fected plants by PVX. mRNP isolated from in-
increasing of the specific infectivity of vi- fected plants revealed the larger emaunt of
rus preparation. A cyolic-nucleotide indepen- phoephorylated proteins as compared with ana-
dent protein kinase activity has been demon- logous structures isolated from healthy
strated to be associated with highly purified plants.
particles of RCMV. The main acceptors of pbos Thus, the highest level of phosphorylation of
phorilation are the smaller capsid protein and proteins 135,45,38kD was observed in free cy-
products of its limited proteolysis (20-, 18- toplasmic informosomee of infected plants; in
and 16 kD). Divalent cations are required for free polysomal mRNle -135,56,45,39,32,25-16kD
activity. Manganese or calcium at p52 7-8 re- in membrane-bound polysomal mRNP -149,135,83.
sulted in optimal incorporation of P radio- 66,41,26kD.
label into aoid-precipitable protein. Since
the divalent cations are required, EDTA was
found to be strongly inhibitory. The kinase
activity was stimulated by the addition of
such polyamines as putrescine, aperaidine or
spermine. We suggest that such modification
of the smaller cepsid protein of RCMV as limi-
ted proteolysis and phosphorilation may play
important role In the viral replication cycle.
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